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PREFACE 

This  report  is  presented  as  a comprehensive  description  and  inventory  of  the 
ground-water  resources  available  in  Allegheny  County.  With  the  continuing 
growth  of  our  population  and  the  expansion  of  our  industries,  there  is  an  ever 
increasing  rise  in  demand  for  quality  water  resources.  Ground  water,  or  sub- 
surface water,  constitutes  one  of  the  largest  reserves  of  quality  water  remaining 
to  be  developed. 

This  report  can  be  of  assistance  to  anyone  who  is  planning  for  future  water 
needs.  It  will  help  to  evaluate  the  quantity  and  quality  of  ground  water  available 
in  any  part  of  the  county,  and  it  will  aid  in  choosing  the  locations,  depths  and 
conditions  most  favorable  for  the  desired  ground-water  yield. 

While  this  publication  has  attempted  to  include  all  available  ground-water 
data  for  the  county,  the  Pennsylvania  Topographic  and  Geologic  Survey  will 
continue  to  collect  ground-water  and  water  well  data  for  the  area;  such  data  will 
be  kept  on  open  file  at  the  Survey  offices  in  Harrisburg,  available  to  anyone  who 
desires  the  very  latest  information. 

We  hope  that  this  report  will  aid  users  of  water  in  Allegheny  County  to 
develop  and  manage  their  water  resources  so  as  to  accommodate  their  water 
needs. 

ARTHUR  A.  SOCOLOW 
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SUMMARY  GROUND-WATER  RESOURCES  OF 
ALLEGHENY  COUNTY,  PENNSYLVANIA 


by 

John  T.  Gallaher 

ABSTRACT 

The  geologic  units  in  Allegheny  County  include  the  Permian-Pennsylvanian 
Washington  Formation,  the  Pennsylvanian  Monongahela,  Conemaugh  and  Alle- 
gheny Groups,  and  unconsolidated  Quaternary  deposits  referred  to  as  alluvium 
or  valley  fill.  The  Washington  Formation  and  the  Monongahela  Group  are  not 
important  as  aquifers.  The  Conemaugh  Group  crops  out  extensively  north  of  the 
Ohio  and  Allegheny  Rivers  and  contains  some  of  the  most  important  aquifers  in 
the  county:  the  Connellsville,  Morgantown,  Saltsburg,  Buffalo  and  Mahoning 
sandstones.  These  formations  are  generally  persistent  and  water-bearing  through- 
out the  county,  and  have  yields  ranging  from  1 or  2 gpm  to  100  gpm.  The 
Allegheny  Group  is  found  in  the  northeastern  part  of  the  county.  Within  this 
group,  the  most  important  aquifers  are  the  Freeport  sandstone,  which  yields  5 
to  75  gpm,  and  the  Worthington  sandstone,  which  generally  yields  enough  water 
for  all  domestic  needs.  Water  supplies  are  also  available  from  the  Quaternary 
alluvium,  which  overlies  bedrock  in  the  major  stream  valleys  in  the  county.  The 
alluvium  consists  of  unconsolidated  clay,  silt,  sand,  gravel  and  boulders,  and 
yields  from  5 to  3000  gpm,  depending  upon  the  degree  of  sorting  by  grain  size. 

Chemical  analyses  of  ground  water  are  available  from  84  wells  in  the  county. 
Ground  water  in  the  younger  geologic  formations  is  usually  low  in  dissolved 
solids,  while  water  from  the  deeply  buried  older  formations  is  hard  and  some- 
times high  in  chlorides  and  iron. 

Despite  heavy  ground-water  pumpage  in  Allegheny  County,  there  are  rela- 
tively few  instances  of  overdraft.  Use  of  induced  infiltration  has  allowed  high 
yields  and  relatively  close  spacing  of  wells.  In  the  future,  controlling  the  water 
quality  will  probably  be  a greater  problem  than  obtaining  sufficient  supplies. 
The  discharge  from  abandoned  strip  and  deep  mines  is  still  a major  source  of 
pollution.  The  hundreds  of  oil  and  gas  wells  that  were  drilled  in  the  county  are 
another  source  of  pollution.  In  many  cases,  the  wells  were  abandoned  but  not 
properly  plugged,  allowing  salt  water  to  move  up  the  boreholes  and  contaminate 
the  shallower  freshwater  aquifers. 

Stratigraphic  nomenclature  used  in  this  report  does  not  always  conform  to 
that  of  the  U.S.  Geological  Survey. 


1 


ALLEGHENY  COUNTY  GROUND-WATER  RESOURCES 


INTRODUCTION 

LOCATION  AND  GENERAL  GEOGRAPHIC  FEATURES 

Allegheny  County  is  near  the  southwestern  corner  of  the  State,  as  shown  in 
Figure  1.  It  has  an  area  of  about  730  square  miles.  Pittsburgh,  the  county  seat,  is 
near  the  center  of  the  county,  at  the  point  where  the  Allegheny  and  Monon- 
gahela  Rivers  join  to  form  the  Ohio  River. 


LANDFORMS 

Allegheny  County  is  in  a rugged  section  of  the  Allegheny  Plateau.  The  present 
land  surface  was  formed  by  stream  erosion  of  a former  plain-like  area.  Remnants 
of  this  ancient  plain  slope  from  altitudes  of  about  1350  feet  above  sea  level  in 
the  extreme  northeastern  part  of  the  county  to  about  1200  feet  in  the  southern 
part. 

Stream  erosion  has  created  a complexly  dissected  area  having  as  much  as  650 
feet  of  relief  between  hilltops  and  valley  bottoms.  The  major  streams  of  the  area 
cut  their  channels  downward  to  about  650  feet  above  sea  level;  later  filling  by 
sediments  has  created  the  present  day  flat  valley  floors,  which  range  in  altitude 
from  about  700  to  780  feet  above  sea  level.  The  tributary  streams  generally  lie  in 
V-shaped  valleys  and  their  gradients  are  much  steeper  than  those  of  the  major 
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Figure  1.  Map  of  Pennsylvania  showing  location  of  Allegheny  County. 
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POPULATION  TRENDS 

The  population  trend  in  Allegheny  County  and  many  of  its  cities  and  towns  is 
simitar  to  the  trend  in  other  large  industrial  centers.  There  has  been  a steady 
migration  from  areas  of  industrial  concentration  and  high  population  density. 
Much  of  this  migration  has  been  away  from  areas  along  the  major  stream  valleys. 
The  expanding  highway  system  has  made  it  possible  for  people  to  move  to 
outlying  suburban  and  rural  areas  at  considerable  distances  from  their  places  of 
employment. 

The  1960  census  listed  1,628,587  people  in  the  county  and  604,332  in 
Pittsburgh,  but  the  1970  census  (preliminary  data)  showed  declines  to  1,590,059 
and  512,676  people  respectively. 


LAND  USE  IN  THE  1960’S 

Land  use  has  changed  to  accommodate  the  movement  of  people  and  industry 
from  the  more  congested  areas.  Farm  acreage  has  been  reduced  from  156,000 
acres  in  1946  to  about  55,000  acres  (or  11.8  percent  of  the  county  area)  in 
1960.  The  farmland  is  used  primarily  for  dairy  cattle,  poultry,  fruit,  and  nursery 
products. 

A large  percentage  of  the  land  in  the  county  is  not  readily  adaptable  to  most 
uses  because  of  the  steepness  of  the  terrain.  Strip  and  underground  coal  mining 
have  rendered  other  large  areas  unattractive  or  unsafe  for  most  uses.  Valley 
bottoms  and  the  relatively  flat  tops  of  many  of  the  hills  offer  the  greatest 
potential  as  sites  for  industrial  and  residential  development. 


WHERE  THE  WATER  COMES  FROM 

HYDROLOGIC  CYCLE 

Water  is  one  of  our  most  important  resources  and  it  constitutes  the  major 
part  of  most  living  things.  Man’s  existence  depends  upon  it,  yet  water  supplies 
are  taken  for  granted  by  most  individuals.  As  shown  in  Figure  2,  water  evapo- 
rates from  the  oceans  and  is  carried  as  vapor  until  it  condenses  and  falls  as 
precipitation.  Most  of  the  precipitation  that  falls  on  the  land  is  used  by 
vegetation,  evaporates  back  to  the  atmosphere,  or  runs  overland  as  streamflow. 
Part  enters  the  soil  and  bedrock  to  recharge  water-bearing  formations,  called 
aquifers.  The  water  moves  at  a varying  pace,  depending  on  its  environment;  but 
eventually  it  returns  to  the  oceans,  completing  the  cycle. 

If  man  interrupts  or  changes  the  hydrologic  cycle  the  results  may  have  serious 
effects  for  many  years.  Changes  in  the  hydrologic  cycle  caused  by  man  in 
Allegheny  County  are  discussed  in  the  following  pages. 
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ALLEGHENY  COUNTY  GROUND-WATER  RESOURCES 


Figure  2.  Hydrologic  cycle  showing  movement  of  water  from  ocean  to  land  and 

hank  tn  tha  nnaan 
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PRECIPITATION 

Precipitation  is  the  source  of  all  fresh  water  in  the  county,  but  not  all  of  the 
available  water  has  fallen  directly  on  the  county.  Streams  entering  Allegheny 
County  carry  water  that  fell  as  precipitation  in  New  York,  West  Virginia. 
Maryland,  and  in  other  Pennsylvania  counties. 

Annual  precipitation  at  the  U.S.  Weather  Bureau  in  Pittsburgh  has  averaged 
nearly  37  inches  over  the  past  100  years.  At  the  Natrona  and  Acmetonia  weather 
stations,  the  annual  precipitation  is  somewhat  higher,  averaging  slightly  over  40 
inches  (U.S.  Department  of  Commerce  Environmental  Data  Service).  The  preci- 
pitation records  for  these  stations  show  no  monthly  averages  less  than  2 inches. 
The  months  of  greatest  rainfall  correspond  with  the  growing  season  and  with  the 
periods  of  peak  water  needs  for  air  conditioning  and  lawn  watering. 


WHERE  THE  WATER  GOES 

EVAPOTRANSPIRATION 

Evapotranspiration  is  a collective  term  describing  the  return,  through  the 
sun’s  energy,  of  water  to  the  atmosphere  as  vapor.  Transpiration  returns  soil 
moisture  to  the  atmosphere  as  a product  of  plant  growth;  evaporation  changes 
water  directly  from  a liquid  to  a vapor. 

The  estimated  mean  annual  rate  of  evaporation  from  surface-water  bodies  in 
Allegheny  County  is  28  inches  (U.S.  Weather  Bureau),  of  which  three-fourths  is 
evaporated  from  May  to  October.  However,  the  surface-water  bodies  comprise 
less  than  2 percent  of  the  county  area;  so,  this  water  loss  represents  a minor  part 
of  the  total  loss.  The  total  annual  loss  by  evapotranspiration  is  on  the  order  of 
14  inches,  or  about  40  percent  of  the  mean  annual  precipitation. 


STREAMFLOW 

Most  of  the  precipitation  not  lost  through  evaporation  and  transpiration 
leaves  the  county  as  part  of  the  flow  of  the  Ohio  River.  This  is  equivalent  to 
about  23  inches  of  precipitation  annually.  The  water  contributing  to  streamflow 
follows  two  general  routes.  Part  of  the  water  moves  directly  over  the  ground 
toward  the  surface-water  bodies.  The  rest  follows  a slower  route,  moving 
through  the  earth  as  ground  water  to  points  of  discharge  into  stream  valleys. 

The  major  streams  and  locations  of  stream-gaging  stations  are  shown  iii  Figure 
3.  Identification  numbers  are  those  assigned  by  the  U.S.  Geological  Survey. 
Discharge  data  at  four  gaging  stations  are  given  in  Table  1;  detailed  streamflow 
information  can  be  obtained  from  Surface  Water  Records  of  Pennsylvania  (see 
reference  list). 
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ALLEGHENY  COUNTY  GROUND-WATER  RESOURCES 


Figure  3.  Map  of  Allegheny  County  showing  locations  of  stream-gaging  stations 


and  of  major  areas  of  ground-water  pumpage  by  municipalities  and 
townships. 

As  a means  of  comparing  the  quantities  of  surface  water  and  precipitation 
involved,  it  may  be  said  that  the  37  inches  of  precipitation  falling  annually  on 
the  730  square-mile  area  of  Allegheny  County  is  less  than  7 percent  of  the 
annual  flow  of  the  Ohio  River  at  Sewickley.  The  net  contribution  of  23  inches 
precipitation  makes  up  only  4 percent  of  the  stream  discharges;  the  rest  enters 
the  county  as  drainage  of  the  Allegheny  and  Monongahela  Rivers  and  their 
tributaries. 


Table  1 . Discharge  Data  for  the 
Gaged  Streams  in  Allegheny  County,  Pennsylvania 

Chaitiers  Creek  at  Carnegie,  Pa.  3-0855 

Average  discharge,  41  years  of  record:  285  cfs* 

Maximum  discharge,  August  6,  1956:  13,500  cfs 

Minimum  discharge,  August  9,  1926  and  at  times  in  September,  1932:  16  cfs 

Monongahela  River  at  Braddock,  Pa.  3-0850 

Average  discharge,  29  years  of  record:  12,150  cfs 
Maximum  discharge,  June  5,  1941:  201,000  cfs 
Minimum  discharge,  September  20,  22,  23,  1946:  559  cfs 


WHERE  THE  WATER  GOES 
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Allegheny  River  at  Natrona,  Pa.  3-0495 

Average  discharge,  29  years  of  record:  18,750  cfs 
Maximum  discharge,  December  30,  1942:  238,000  cfs 
Minimum  discharge,  October  22,  1963:  895  cfs 

Ohio  River  at  Sewickley,  Pa.  3-860 

Average  discharge,  34  years  of  record:  31,820  cfs 
Maximum  discharge,  March  18,  1936:  574,000  cfs 
Minimum  discharge,  September  4,  1957 : 1800  cfs 

*One  cfs  (cubic  feet  per  second) 
is  equivalent  to  646,317  gallons  per  day. 


GROUND  WATER 

Much  of  the  water  falling  on  the  land  surface  returns  to  the  atmosphere  by 
evapotranspiration  or  reaches  the  surface  streams  as  overland  runoff.  Part  infil- 
trates through  the  soil  and  through  fractures  and  pores  (void  spaces)  in  the 
underlying  rock.  Its  downward  movement  continues  until  it  reaches  the 
saturated  zone,  a zone  in  which  all  of  the  interconnected  voids  are  filled  with 
water.  This  is  illustrated  in  Figure  4.  After  reaching  the  zone  of  saturation,  the 
water  moves  downward  and  laterally  toward  lower  elevations  and  eventually 
returns  to  the  surface,  either  naturally  from  springs,  or  as  discharge  from  wells. 
During  prolonged  dry  periods,  the  seepage  into  stream  channels  provides  essen- 
tially all  of  the  surface-water  flow. 


Figure  4.  Downward  movement  of  water  through  soil  and  rock  to  the  water 
table. 
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The  occurrence  and  movement  of  ground  water  is  in  and  through  inter- 
connected openings  (Figure  5),  which  are  either  primary  or  secondary  in  nature. 
Primary  porosity  consists  of  the  spaces  between  individual  grains  of  material. 
Permeability,  or  efficiency  in  transmitting  water,  depends  on  the  size  and  degree 
of  interconnection  of  intergranular  spaces.  Size  and  interconnection  of  pores  are 
largely  dependent  upon  particle  size,  the  degree  of  sorting  by  particle  size,  and 
on  the  amount  of  cementation.  Well-sorted  sand  or  gravel  lenses  and  loosely 
cemented,  coarse-grained  sandstones  have  relatively  large,  interconnected 
openings  and  transmit  water  readily.  Shales,  dense  limestones,  firmly  cemented 
sandstones,  and  rock  material  of  heterogeneous  particle  size  have  little  inter- 
connected pore  space  and  allow  less  water  movement. 

Secondary  openings  are  those  formed  subsequent  to  deposition  and  con- 
solidation of  the  formations.  They  result  from  fracture  or  solution  of  the  rock. 
Fractures  are  the  result  of  applied  stresses,  such  as  those  associated  with 
mountain  building  that  took  place  in  the  east  during  previous  geologic  eras;  these 
forces  have  caused  rupture  of  the  more  brittle  rock.  Solution  channels  are 
formed  by  the  solution  and  removal  by  water  of  rock  material  such  as  limestone, 
especially  along  existing  fractures.  These  channels  become  smaller  as  depth 
increases  below  the  surface  drainage  system,  and  their  ability  to  transmit  water  is 
correspondingly  reduced. 

Ground  water  occurs  under  both  water  table  (free,  unconfmed)  and  artesian 
(confined,  under  pressure)  conditions.  Water-table  conditions  are  those  in  which 
ground  water  is  unconfined  and  the  upper  surface  of  the  water  is  free  to  rise  or 
fall.  Artesian  conditions  exist  where  the  ground  water  is  confined  in  a permeable 
formation  that  is  overlain  by  a relatively  impermeable  formation.  The  upper 
surface  is  not  free  to  rise  or  fall,  but  the  water  is  under  enough  pressure  to  rise 
above  the  containing  aquifer  in  wells  penetrating  it.  The  surface  to  which  water 
will  rise  in  wells  tapping  an  artesian  aquifer  is  called  the  po  ten  dome  trie  surface. 

The  water  table  rises  and  declines  according  to  the  relative  amounts  of 
recharge  (additions  to  the  aquifer)  and  discharge  (losses  to  springs  and  wells). 
Very  little  recharge  reaches  the  zone  of  saturation  during  the  growing  season 
(April  to  October)  because  of  the  heavy  evapotranspiration  losses;  however, 
recharge  causes  a general  rise  of  water  level  throughout  the  rest  of  the  year. 

Water  levels  in  the  county  are  at  or  near  the  land  surface  in  the  valleys  and 
rise  toward  the  drainage  divides.  The  rate  of  water  level  rise,  however,  is  less  than 
that  of  the  land  surface;  so,  wells  on  the  higher  elevations  must  be  drilled  deeper 
than  those  in  the  valleys. 


WATER  QUALITY 

Precipitation  is  slightly  mineralized  and  acts  as  a mild  solvent.  As  it  enters  the 
ground  and  moves  slowly  through  the  soil  and  rocks,  it  dissolves  various  minerals 
and  carries  them  in  solution.  Water  containing  more  than  500  mg/1  (milligrams 
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Sand  l**-o.or— ►! 

Primary  openings  in  unconsolidated  material 


Secondary  openings  in  consolidated  rock 


Figure  5.  Cross  sections  showing  how  water  occurs  in  the  rocks. 
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per  liter)’  of  dissolved  minerals  is  considered  undesirable  for  domestic  use,  but 
more  highly  mineralized  water  is  used  where  better  supplies  are  not  available. 
The  significance  of  water  quality  factors  is  shown  in  Table  2. 

Surface  water  resulting  from  direct  runoff  after  rains  or  snowmelt  is  usually 
far  less  mineralized  than  ground  water  because  it  moves  more  rapidly,  and 
therefore  is  less  in  contact  with  mineral  matter.  After  extended  periods  without 
precipitation,  streamflow  is  maintained  entirely  by  ground-water  seepage  and  has 
a higher-than-normal  mineral  content.  Ground  water  has  the  advantage  of  being 
much  more  constant  in  quality  than  surface  water  over  long  periods  of  time. 
Ground  water  also  is  usually  more  free  of  bacteria  than  surface  water  because 
the  soil  and  rocks  through  which  it  percolates  effectively  filter  out  all  or  most 
biological  organisms.  One  of  the  disadvantages  of  ground  water  is  that,  because 
of  the  slow  rates  of  movement,  ground-water  reservoirs  require  much  more  time 
than  stream  channels  to  flush  out  pollutants. 

Ground  water  is  subject  to  less  temperature  variation  than  is  surface  water. 
Unless  subjected  to  thermal  pollution  (man-induced  temperature  changes),  it 
maintains  a temperature  of  about  53°F,  the  average  air  temperature  of  the 
county.  Stream  temperatures  in  Allegheny  County,  however,  vary  with  the 
seasons  and  range  from  the  low  30’s  to  the  low  80’s. 

Analyses  of  ground  water  from  Allegheny  County  are  listed  in  Table  3.  Loca- 
tions of  most  of  the  wells  are  shown  on  the  map  of  Plate  1.  The  analyses  of 
water  from  bedrock  aquifers  show  many  extremes  in  quality;  the  high  concen- 
trations of  the  various  constituents  are  due  to  both  man-induced  and  natural 
causes.  Generally,  the  most  common  undesirable  feature  of  ground  water  in  the 
county  is  the  iron  content,  which  often  exceeds  the  0.3  mg/1  recommended  as 
maximum  by  the  U.S.  Public  Health  Service.  If  the  iron  content  is  excessive,  the 
water  generally  requires  treatment  for  its  removal.  Some  of  the  analyses  show 
excessive  mineralization  because  the  wells  were  drilled  to  aquifers  lying  too  far 
below  the  level  of  the  major  drainage  systems;  water  at  such  depths  moves 
slowly  and  has  a long  time  to  dissolve  minerals  from  the  containing  rock. 

Most  of  the  analyses  in  Table  3 represent  water  quality  to  be  expected  from 
wells  drilled  in  the  county.  Some  of  the  water  analyzed  showed  excesses  of  one 
or  more  constituents;  generally,  these  waters  were  sampled  because  they  repre- 
sented extreme  conditions. 


' One  milligram  per  liter  is  approximately  equal  to  one  part  per  million.  Hardness  may  be 
converted  to  grains  per  gallon  by  multiplying  mg/1  by  .05841. 


T able  2.  Source  and  Significance  of  Dissolved  Mineral  Constituents  and  Physical  Properties  of  Natural  Waters 

(In  milligrams  per  liter) 
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Calcium  (Ca)  and  Dissolved  from  almost  all  soils  ;md  rocks,  es-  Cause  most  of  the  hardness  and  scale-forming  properties  of 

magnesium  (Mg)  pecially  limestone,  dolomite,  and  gypsum.  water;  soap  consuming  (see  hardness).  Water  with  low 

Calcium  imd  magnesium  ;Lre  found  in  large  calcium  and  magnesium  contents  desired  for  electroplating, 

quantities  in  some  brines.  Large  quantities  of  tanning,  dyeing,  and  textile  manufacturing, 

magnesium  are  present  in  sea  water. 
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T able  3.  Chemical  Analyses  of  Ground  Water  in  Allegheny  County,  Pennsylvania 

(Results  in  milligrams  per  liter  except  as  indicated) 
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Conemaugh  Group  Upper  and  Lower  50  feet  combined  thickness.  Limestones  with  interbedded  or  Yields  to  1 5 gpm. 

Pittsburgli  Limestone  sandy  shales  and  a tliin  coal  bed. 
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Saltsburg  Sandstone  30-80  feet.  VMiite  or  gray  massive  sandstone.  Yields  2-400  gpm;aver- 

locally  grading  into  .sandy  shale.  ages  55  gpm. 


Conemaugh  Group  Buffalo  Sandstone  20-60  feet.  Coarse-grained  and  conglomeratic  Yields  to  20  gpm. 

sandstone,  grading  laterally  into 
fine-grained  sandstone  or  sandy 
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Worthington  Sandstone  15-100  feet.  Lenticular  sandstone  of  variable  Yields  to  50  gpm. 

texture,  grading  laterally  to  shale. 
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Ground  water  in  Allegheny  County  is  found  in  both  artesian  and  water-table 
aquifers;  well  yields  range  from  a fraction  of  a gallon  per  minute  to  over  3000 
gpm  (gallons  per  minute).  Data  for  over  600  wells  are  listed  in  Table  4.  As  may 
be  noted,  the  yields  from  wells  in  alluvium  generally  are  significantly  higher  tlian 
from  wells  tapping  bedrock  aquifers. 

A summary  of  the  geologic  and  water-bearing  characteristics  of  the  different 
rock  units  in  Allegheny  County  follows.  Table  5 and  the  following  sections  name 
and  describe,  in  descending  order,  the  formations  most  commonly  used  as 
aquifers.  The  rank  and  classification  of  these  units  are  similar  to  those  used  in 
earlier  reports  describing  the  geology  and  ground-water  resources  of  the  area. 


UNCONSOLIDATED  AQUIFERS 

Unconsolidated  deposits  of  Quaternary  age  overlie  the  bedrock  of  the  major 
stream  valleys  in  the  county.  Their  extent  is  shown  in  Figure  6.  These  deposits 
are  called  alluvium  or  valley  fill.  They  consist  of  rock  material  that  was 
transported  and  deposited  by  moving  water.  The  material  includes  clay,  silt, 
sand,  gravel,  and  some  boulders,  and  most  of  the  particles  have  been  smoothed 
and  rounded  during  transportation.  Two  separate  units  are  present:  the  basal 
part,  immediately  overlying  the  bedrock,  was  deposited  during  the  Pleistocene  or 
Ice  Age;  the  upper  layer  is  of  recent  age. 

Source  of  Deposits 

Because  of  varying  conditions  at  the  time  of  deposition,  the  basal  section 
differs  in  texture  and  composition  from  one  valley  to  another.  Geologic  sections 
across  the  major  stream  valleys  are  shown  in  Figure  7.  The  Allegheny  Valley 
generally  has  the  coarsest  basal  alluvium.  Its  river  carried  and  deposited  alluvium 
composed  mostly  of  sand  and  gravel  obtained  from  melting,  debris-laden  glaciers 
to  the  north.  The  original  source  of  this  material  was  from  as  far  away  as 
Canada.  The  sediments  deposited  at  that  time  by  the  Monongahela  and  Youghio- 
gheny  Rivers  and  Chartiers  and  Turtle  Creeks  were  mostly  clay,  silt,  and  fine 
sand  obtained  from  rocks  exposed  in  the  local  drainage  systems.  The  Ohio 
Valley  alluvium  is  a mixture  of  that  carried  by  the  above  streams.  It  is  much 
coarser  than  that  along  the  Monongahela  River  and  the  smaller  tributary  streams, 
but  may  contain  more  silt  and  clay  than  does  the  Allegheny  Valley  alluvium. 
The  recent  alluvium,  which  overlies  the  coarse  basal  material,  consists  primarily 
of  very  fine  silt  throughout  all  of  the  stream  valleys.  It  is  of  local  origin,  being 
eroded  from  rocks  within  existing  drainage  basins. 
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BUTLER  CO. 


Figure  6.  Map  of  Allegheny  County  showing  the  distribution  of  valley-fill  sedi- 
ments and  locations  of  sections  described  in  this  report. 


Ohio  and  Allegheny  River  Valley  Deposits 
Width  and  Thickness 

The  valley  fill  along  the  Ohio  and  Allegheny  Rivers  ranges  in  width  from 
more  than  1 mile  at  McKees  Rocks  to  a half  mile  in  some  downstream  areas  and 
to  a quarter  of  a mile  at  some  points  upstream.  Thicknesses  range  from  a feather 
edge  along  the  valley  walls  to  80  feet  or  more;  the  average  maximum  thickness, 
however,  is  on  the  order  of  65  to  70  feet.  The  upper  part  of  the  deposits  consists 
of  from  0 to  25  feet  of  fine-grained  material  of  recent  age. 

Lithology 

Alluvium  in  these  valleys  ranges  in  texture  from  poorly  sorted  to  well  sorted. 
The  basal  alluvium  is  an  assemblage  of  interfingering  and  overlapping  lenses  that 
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Figure  7.  Sections  across  major  stream  valleys. 
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may  grade  laterally  from  gravel  to  silt.  The  sections  of  Figure  7 and  sample  logs 
of  wells  Ag415,  514  and  548  in  Table  6 show  the  vertical  variations  in  texture 
due  to  lensing  and  differences  in  sorting. 

T able  6.  Sample  Logs  of  Wells  in  A Uuvium 
Well  Ag-606 


Tliickness  Depth 
Description  (feet)  (feet) 


Fill  and  refuse 10  0-10 

Clay  and  fill 5 10-15 

Clay 6 15-21 

Fine  sand  and  clay 9 21-30 

Coarse  sand,  some  gravel 5 30-35 

Fine  sand  ;md  clay 8 35-43 

Coarse  sand  and  gravel  (wet) 3 43-46 

Fine  sand  and  clay 5 46-51 

Coarse  sand  and  fine  gravel 16  51-67 

Gray  shale 15  67-82 


Well  Ag415 


Thickness  Depth 
Description  (feet)  (feet) 


Fill 8.5  0-8.5 

Gray  clay 3 8.5-11.5 

Yellow  sandy  clay 12  11.5-23.5 

Coarse  gravel  and  coarse  brown  sand 12.5  23.5-36 

Yellow  sandy  clay 1 36-37 

Coarse  gravel  and  coarse  yellow  sand 14  37-51 

Medium  gravel  and  medium  brown  sand 9 5 1-60 

Coarse  gravel  and  coarse  brown  sand 4.5  60-64.5 

Gray  shale 0 at  64.5 


Well  Ag-548 


Thickness  Depth 
Description  (feet)  (feet) 


Ashes  and  slag  fill 3 0-3 

Fine  sand 7 3-10 

Coarse  sand 5 10-15 

Sand  and  gravel 32.5  15-47.5 
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Table  6.  (continued) 


Gray  fine  sand 

Sand  and  gravel 

Sand,  gravel,  little  clay 
Sand,  gravel,  shale 


Well  Ag-514 

Thickness 

Depth 

Description 

(teet) 

(feet) 

3.5  47.5-51 

9 51-60 

5 60-65 

2.5  65-67.5 


Fill  and  clay 

Sand,  clay 

Sand,  and  gravel 

Sand,  gravel,  little  clay 
Sand  and  gravel 


7 0-7 

20  7-27 

4 27-31 

5 31-36 

17  36-53 


Water-Bearing  Characteristics 

Permeabilities  may  change  significantly  over  short  distances,  because  of 
changes  in  the  degree  of  sorting.  Yields  of  wells  range  from  a few  gallons  per 
minute  to  more  than  3000  gpm.  The  average  yield  of  100  randomly  selected 
wells  in  alluvium  of  the  Ohio  and  Allegheny  River  valleys  was  350  gpm.  Specific 
capacities  of  wells  (the  rates  of  discharge  divided  by  drawdown  of  water  levels) 
averaged  83  along  the  Allegheny  and  52  along  the  Ohio  River.  The  lower  value 
for  Ohio  Valley  alluvium  probably  is  due  to  the  admixture  of  clay  and  silt  from 
the  Monongahela  drainage  system. 

Monongahela  and  Smaller  Tnbutary  Valley  Deposits 

The  alluvium  in  the  valleys  of  the  Monongahela  and  Youghiogheny  Rivers  and 
Turtle  and  Chartiers  Creeks  is  generally  not  as  good  a source  of  ground  water  as 
the  alluvium  along  the  Ohio  and  Allegheny  Rivers.  It  is,  however,  the  second 
most  productive  aquifer  in  the  county. 

Thickness  and  Lithology 

The  alluvial  fill  in  these  valleys  has  a maximum  average  thickness  of  65  feet, 
but  depths  in  excess  of  80  feet  are  recorded  in  some  wells  in  the  McKeesport  and 
Duquesne  areas.  From  0 - 25  feet  of  these  thicknesses  are  fine-grained  silt 
deposits  of  recent  age.  The  basal  section  of  alluvium  generally  is  very  fine- 
grained and,  in  many  areas,  is  indistinguishable  from  the  recent  deposits.  In  some 
instances,  however,  coarse  sand  and  gravel  lenses  and  channels  are  enclosed  in 
the  finer  sediments.  The  log  of  well  Ag-606  of  Table  6 shows  that  coarse, 
permeable  units  may  be  found  in  the  otherwise  fine-grained  deposits. 
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Water-Bearing  Characteristics 

The  average  yield  of  42  wells  in  the  Monongahela  Valley  is  125  gpm,  with  a 
range  of  5 to  400  gpm.  Specific  capacities  average  about  15  gpm  per  foot  of 
drawdown.  Yields  in  the  other  tributaries  average  less  than  100  gpm,  and  specific 
capacities  are  on  the  order  of  5 - 10  gpm  per  foot  of  drawdown. 

The  above  figures  are  for  wells  of  record  that  were  finished  in  alluvium.  That 
large  yields  may  be  obtained  is  indicated  by  wells  Ag-603  and  61 1 belonging  to 
the  City  of  Duquesne.  These  wells  have  an  average  yield  of  over  160  gpm. 
Success  depends  entirely  upon  penetration  of  coarse  deposits  by  the  wells.  In 
many  wells  (such  as  wells  Ag-233  and  242)  the  fine-grained  alluvium  is  cased  off 
and  the  underlying  bedrock  formations  serve  as  aquifers. 

Water  in  Alluvium 

Well  Depth,  Spacing,  and  Orientation 

Depth,  spacing,  and  orientation  should  be  considered  in  planning  a well  field. 
Wells  should  completely  penetrate  the  alluvium  to  insure  tapping  the  coarse- 
grained units  that  generally  lie  immediately  above  the  bedrock.  Some  alluvial 
wells  in  the  county  are  drilled  several  feet  into  the  underlying  rock;  this 
construction  increases  the  water  storage  of  the  well. 

In  areas  of  heavy  pumpage  it  is  especially  desirable  (though  not  always 
possible)  to  space  wells  far  enough  apart  to  reduce  competition  between 
adjacent  wells  for  the  available  water.  Figure  8 shows  the  effect  of  spacing  wells 
too  close  together.  To  satisfy  the  demands  of  both  wells,  the  cone  of  depression 
(the  depression  in  the  water  table  produced  by  pumping  a well)  must  be  greatly 


Figure  8.  Effect  of  too-close  spacing  of  wells.  Dashed  cone  of  depression  results 
when  alternate  wells  (B  and  D)  are  not  pumped. 
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expanded  and  deepened.  By  increasing  the  distance  between  wells  this  compe- 
tition may  be  reduced  to  a minimum. 

The  cone  of  depression  is  used  to  advantage  in  areas  close  to  the  rivers.  The 
largest  yields  in  the  county  are  those  from  wells  that  tap  permeable  aquifers  that 
are  freely  connected  with  the  water  in  nearby  streams.  When  such  wells  are 
pumped  at  high  rates,  the  water  level  is  lowered  to  a point  below  the  stream 
surface  and  induced  infiltration  occurs.  This  is  the  process  by  which  water  is 
induced  to  move  into  the  aquifer  from  the  stream.  As  shown  in  Figure  9,  the 


Figure  9.  Cones  of  depression  where  recharge  is  induced  from  a stream.  Arrows 
indicate  direction  of  water  movement. 

expanded  and  lowered  cone  of  depression  intercepts  the  river  and  surface  water 
moves  down  the  gradient  toward  the  pumping  level  of  the  well.  The  water 
pumped  is  a mixture  of  ground  and  surface  water.  This  technique  is  commonly 
used  to  obtain  large  industrial  and  municipal  supplies  in  the  county. 

Orientation  of  wells  in  lines  parallel  to  the  rivers  is  superior  to  any  other 
arrangement.  Natural  ground-water  movement  is  toward  the  streams  and  move- 
ment of  water  pumped  by  induced  infiltration  is  directly  away  from  the  streams. 
Wells  in  line  B-C  of  Figure  10  are  in  the  best  position  to  receive  recharge  from 
the  river.  Because  they  are  aligned  perpendicular  to  the  water  movement,  they 
are  not  competing  for  the  same  supplies.  The  orientation  of  wells  in  line  A-B, 
however,  is  inefficient.  Their  alignment  parallel  to  the  ground-water  movement 
causes  them  to  compete  for  the  same  water. 

Water  Quality 

Ground  water  obtained  from  alluvial  deposits  is  generally  hard,  and  has  a high 
iron,  manganese,  and  total  dissolved-solids  content.  It  also  has  low  turbidity  and 
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Valley  wall^^ 
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Direction  of  ground- 
water  movement 
under  non-pumping 
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O 


Figure  10.  The  advantage  of  placing  line  of  wells  perpendicular  to  direction  of 
ground-water  movement.  Wells  in  line  B-C  intercept  more  ground 


water  than  wells  in  line  A-B. 
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usually  is  bacteriologically  pure.  Ground-water  temperature  approximates  the 
mean  annual  air  temperature  of  about  53°  F.  Chemical  analyses  of  water  from 
alluvium  are  included  in  Table  3.  Additionally,  Table  7 shows  the  observed  range 
in  ground-water  quality. 

The  quality  of  water  from  wells  changes  considerably  when  water  is  induced 
to  flow  from  streams  into  the  cones  of  influence  of  wells.  When  this  occurs,  the 
water  quality  is  intermediate  in  character  between  surface  and  ground  water. 
Intermixing  of  the  two  waters  is  most  pronounced  in  heavily  pumped  areas 
having  high  permeability,  near  the  streams.  At  Neville  Island,  for  example, 
induced  infiltration  is  so  great  that  water  pumped  from  wells  there  is  chemically 
indistinguishable  from  water  in  the  Ohio  River.  Temperatures  of  the  intermixed 
waters  vary  from  about  40°  F in  the  winter  to  75°  F in  the  summer. 


Table  7.  Maximum,  Minimum,  and  Average  Chemicai  Concentration  of  Water 
From  About  90  Weiis  in  the  Vaiiey  Deposits  of  Aiiegheny  County,  Pennsyivania 

(Concentrations  in  miUigrams  per  Liter) 


Constituents 

Ma.ximum 

Minimum 

.Average 

Silica  (SiOj ) 

27 

2.7 

11 

Iron  (Fe) 

32 

0.0 

0.86 

Manganese  (Mn) 

5.2 

0.0 

1.4 

Calcium  (Ca) 

445 

34 

72 

Magnesium  (Mg) 

83 

2.0 

20 

Sodium  (Na)  and 

potassium  (K)  as  sodium 

45 

8.1 

24 

Carbonate  (CO3) 

0.0 

0.0 

0.0 

Bicarbonate  (HCO3) 

540 

56 

152 

Sulfate  (SO^ ) 

1360 

36 

133 

Chloride  (Cl) 

328 

3.5 

35 

Nitrate  (NO3 ) 

9.6 

0.0 

0.63 

Dissolved  solids 

1140 

228 

429 

Free  CO3 

90 

4.0 

27 

Total  hardness  as  CaCOj 

1450 

103 

256 

Color 

20 

0.0 

4.75 

pH 

7.8 

5.8 

7.1 

CONSOLIDATED  AQUIFERS 

The  consolidated  rocks  cropping  out  in  Allegheny  County  have  an  aggregate 
thickness  of  about  1300  feet.  The  areal  extent  of  the  outcrop  of  each  geologic 
unit  is  shown  in  Plate  1.  Most  of  the  units  are  sandstones  and  shales,  but  there 
are  also  beds  of  clay,  several  thin  limestones,  and  about  15  coal  units.  Repre- 
sentative logs  of  wells  drilled  in  bedrock  are  shown  in  Table  8.  Water-bearing 
properties  of  these  rocks  vary  considerably  with  differences  in  lithology  and 
structure,  and  with  differences  in  altitude  relative  to  local  surface  drainage. 
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Table  8.  Sample  Logs  of  Wells  in  Bedrock 


Well  Ag-28 


Description 


Sandy  soil 

Hard  sandstone 

Clay 

Shale 

Limestone 

Shale 

White  sandstone  (Saltsburg) 
Shale 


Thickness  Depth 

(feet)  (feet) 


13 

13 

1.5 

13-14.5 

2.5 

14.5-17 

43 

17-60 

4 

60-64 

75 

64-139 

18 

139-157 

2 

157-159 

Well  Ag-3 1 

Thickness  Depth 


Description  (feet)  (feet) 


Soil 15  15 

Shale 70  15-85 

Coal,  good  water  (Bakerstown) 1 85-86 

Fireclay 2 86-88 

Shale,  water 24  88-112 

Limestone,  much  water  at  base 3 112-115 

Shale 36  115-151 


Well  Ag-82 

Thickness 

Depth 

Description 

(feet) 

(feet) 

No  log 

Sandstone  (Morgantown),  water-bearing 

Shale 

Sandstone  (Saltsburg),  water-bearing 

Shale 

Sandstone,  black 

Sandstone 

Limestone,  dense 

Shale  and  sandstone,  interlaminated 

Clayshale,  black 

Sandstone  (Buffalo),  water-bearing 

Shale,  light  and  black 


0 

0-75 

85 

75-160 

73 

160-233 

45 

233-278 

35 

278-313 

20 

313-333 

8 

333-341 

2 

341-343 

39 

343-382 

10 

382-392 

7 

392-399 

26 

399425 
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Tables,  (continued) 
Well  Ag-97 


Thickness  Depth 
Description  (feet)  (feet) 


Soil 3 3 

Shale 10  3-13 

Sandstone  (Morgantown),  water  at  30  feet 27  13^0 

Shale,  red 58  40-98 

Shale,  gray 13  98-111 

Shale,  red 45  111-156 

Coal 1 156-157 

Shale,  red 38  157-195 

Sandstone  (Saltsburg),  hard  and  not  water-bearing 62  195-257 

Shale 1 257-258 


Well  Ag-157 


Thickness  Depth 
Description  (feet)  (feet) 


Soil 14  0-14 

Limestone  (Brush  Creek),  water  at  base 20  14-34 

Shale,  red 12  34-46 

Shale  and  sandstone 25  46-7 1 

Sandstone  (upper  part  of  Mahoning),  water  at  base 15  71-86 

Shale  and  sandstone,  interlaminated 38  86-124 

Sandstone  (lower  part  of  Mahoning),  gray 25  124-149 

Shale  and  sandstone,  interlaminated,  1 gallon  of  water  per 

minute  at  156  feet 12  149-161 

Clay 3 161-164 

Sandstone  and  shale 5 164-169 

Coal  (Upper  Freeport) _ at  169 


Well  Ag-1 59 


Thickness  Depth 
Description  (feet)  (feet) 


Fractured  roof  beds  above  mine  on  Upper  Freeport  coal 300  300 

Shale 20  300-320 

Sandstone  (Butler),  not  water-bearing 15  320-335 

Shale 50  335-385 

Sandstone  (Freeport),  not  water-bearing 20  385-405 

Sandy  shale 20  405-425 

Carbonaceous  shale  (U.  Kittanning  horizon),  water-bearing 6 425-431 

Sandstone  (Worthington),  water-bearing 9 431-440 
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Lithology 

Permeability  of  sandstone  ranges  greatly  according  to  grain  size,  degree  of 
sorting,  and  the  amount  of  cementing  material.  Some  sandstones  in  the  area  are 
coarse  and  well  sorted  and  have  high  yields.  Many  other  sandstones  differ  in 
texture,  abruptly  or  gradiationally,  or  may  enclose  coarse  lenses  in  otherwise 
impermeable  material.  Secondary  porosity  may  be  developed  by  solution  and 
removal  of  cementing  material  or  by  extensive  fracturing,  especially  along  the 
axes  of  structural  folds. 

Shale  is  a fine-grained,  rather  impermeable  rock,  but  many  of  the  units 
designated  as  “shale”  contain  lenses  or  alternating  layers  of  sandstone  or  sandy 
shale.  Shales  usually  contain  water  in  fracture  or  joint  systems  that  developed 
during  mountain  forming  and  other  processes. 

Limestone  has  little  original  porosity.  Most  of  the  porosity  and  permeability 
in  limestone  is  the  result  of  enlargement  of  the  fractures  through  the  solution 
and  removal  of  minerals  by  moving  ground  water.  Coal  is  listed  in  the  well  tables 
as  an  aquifer.  Coal  has  little  natural  porosity,  but  generally  is  fractured  and 
jointed  and  encloses  units  of  shale  and  sandy  shale.  Some  coal  beds  grade  into, 
or  have  been  replaced  by,  shales  and  sandstones.  Water  from  coal  beds  is 
obtained  from  fractures  and  from  bedding  planes  between  the  coal  and  under- 
lying impermeable  rocks. 


Effect  of  Structure 

Bedrock  units  of  the  area  dip  to  the  southwest  at  the  rate  of  a few  feet  per 
mile.  Mountain-building  forces  have  created  structural  folds  in  the  rock  strata  of 
the  area  that  range  in  size  from  less  than  an  inch  to  many  tens  of  miles.  The  axes 
of  these  folds  trend  about  N30°E.  Eolds  in  which  the  formations  dip  inward 
from  both  sides  toward  the  axes  and  whose  cores  contain  younger  rocks  are 
called  synclines.  Anticlines  are  the  opposite  of  synclines,  as  the  strata  dip  away 
from  the  axes  and  the  cores  contain  older  rocks.  Both  types  of  folds  are 
illustrated  in  Eigure  1 1 . 

Water  tends  to  move  from  the  axes  of  anticlines  toward  the  adjacent  synclinal 
axes.  Therefore,  some  formations  may  be  above  the  water  table  at  the  axes  of 
anticlines  and  below  the  water  table  along  synclinal  axes.  As  a general  rule,  wells 
tapping  formations  along  or  near  the  axes  of  synclines  have  a greater  yield  than 
those  tapping  the  same  formation  near  the  axes  of  anticlines.  Locally,  ground 
water  may  be  perched  above  an  impermeable  bed  in  a synclinal  axis,  as  shown  in 
Figure  1 2. 


Effect  of  Stream  Entrenchment 

Entrenchment  by  the  streams  also  has  considerable  local  effect  on  ground- 
water  circulation  and  quality.  Surface  drainage  systems  have  cut  below  the  water 
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table  as  it  exists  in  the  interstream  areas.  As  a result,  many  of  the  aquifers 
discharge  their  water  onto  the  valley  slopes;  therefore,  the  water  table  of  the 
interdrainage  area  is  greatly  depressed  and  wells  drilled  at  the  higher  altitudes 
must  be  drilled  deeper  than  those  drilled  in  the  valleys  in  order  to  reach  the 
saturated  zone. 

Ground  water  below  the  level  of  the  stream  valleys  tends  to  move  slowly,  and 
because  of  the  long  period  of  contact  with  the  enclosing  rocks,  is  highly 
mineralized.  In  many  aquifers  100  feet  or  more  below  the  stream  valleys,  the 
water  becomes  progressively  softer  with  depth.  A natural  chemical  reaction 
called  base  exchange  alters  hard,  calcium-bicarbonate  water  to  the  softer 
sodium-bicarbonate  type.  The  controlling  factors  are  the  presence  of  clay 
minerals  and  the  slow  movement  of  water,  which  provides  sufficient  contact 
time  for  the  reaction  to  occur.  In  some  instances  the  resulting  total  dissolved 
solids  content  may  be  great  enough  to  render  the  water  undesirable  for  most 
uses. 


Figure  1 1.  Sketch  showing  anticlinal  and  synclinal  folds  in  rock  strata. 

Depths  to  Consolidated  Aquifers 

The  combined  effect  of  variable  formation  thicknesses,  geologic  structure, 
and  the  rugged  land  surface  permit  only  generalizations  to  be  made  concerning 
depths  to  aquifers  throughout  the  county.  The  formations  are  part  of  a regional 
trough  that  plunges  (becomes  progressively  lower)  S30°W  at  a rate  of  20  to  30 
feet  per  mile,  with  the  steepest  plunge  along  a line  passing  through  Pittsburgh. 
Also,  secondary  folding  subparallel  to  the  major  plunge  has  created  anticlinal 
and  synclinal  structures  whose  limbs  rise  or  dip  at  rates  as  great  as  500  feet  per 
mile.  These  structural  features  are  shown  in  Plate  I by  contour  lines  of  eleva- 
tions at  the  base  of  the  Pittsburgh  coal.  Depths  to  the  various  horizons  are 
further  complicated  by  the  land  surface  elevation,  which  may  have  a range  of 
several  hundred  feet  over  short  distances,  especially  near  the  major  stream 
valleys. 
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Figure  12.  Perched  water  conditions. 

The  relative  positions  of  many  formations  have  been  expressed  in  Table  9 as 
vertical  distances  above  or  below  the  Pittsburgh  and  Upper  Freeport  coals,  which 
are  prominent  features  throughout  much  of  the  county  because  of  the  many 
mines  associated  with  them.  The  distances  are  approximate,  and  the  potential 
error  increases  as  the  vertical  distance  from  the  reference  bed  increases. 

Table  9.  Relative  Positions  of  Some  Geologic  Units  in  Allegheny  County 


Geologic  Unit 

Position 

Washington  Formation 

550-750  feet  above  Pittsburgh  coal. 

Pittsburgh  Sandstone 

About  75  feet  above  base  of  Pittsburgh  coal. 

Pittsburgh  coal 

500-750  feet  above  Upper  Freeport  coal. 

Upper  and  Lower  Pittsburgh  Limestone 

Top  is  at  base  of  Pittsburgh  coal. 

Connellsville  Sandstone 

30-60  feet  below  Pittsburgh  coal. 

Little  Clarksburg  coal  and 

Clarksburg  Limestone 

80-100  feet  below  Pittsburgh  coal. 

Morgantown  Sandstone 

150-220  feet  below  Pittsburgh  coal. 

Ames  Limestone 

230-350  (average  275)  feet  below  Pittsburgh 
coal,  and  about  350  feet  above  Upper  Freeport 
coal. 

Saltsburg  Sandstone 

170-285  (average  262)  feet  above  Upper  Free- 
port coal,  and  300-500  (average  375)  feet 
below  Pittsburgh  coal. 

Buffalo  Sandstone 

450-510  feet  below  Pittsburgh  coal. 

Brush  Creek  coal 

70-120  feet  above  Upper  Freeport  coal. 

Mahoning  Sandstone 

420-600  feet  below  Pittsburgh  coal  and  100 
feet  above  Upper  Freeport  coal. 

Upper  Freeport  coal 

500-700  feet  below  Pittsburgh  coal. 
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The  outcrops  of  the  Pittsburgh  and  Upper  Freeport  coals  are  approximated 
on  Plate  1 by  the  contacts  between  the  Monongahela  and  Conemaugh  and  the 
Conemaugh  and  Allegheny  Groups,  respectively.  The  altitudes  of  the  Pittsburgh 
coal  may  be  taken  from  the  structure  map,  Plate  1 . 

Despite  the  many  variables  described,  the  data  in  Table  9 and  on  Plate  1 may 
be  used  in  conjunction  with  the  land  surface  elevation  of  a potential  well  site  to 
determine  approximate  depths  to  aquifers.  Assume,  for  example,  that  the  land 
surface  elevation  of  a well  site  is  900  feet  above  sea  level  and  that  the  elevation 
of  the  Pittsburgh  coal,  taken  from  Plate  1,  is  at  1000  feet  above  sea  level.  Table 
9 indicates  that  the  Morgantown  Sandstone  lies  from  150  to  220  feet  below  the 
Pittsburgh  coal  or,  in  this  instance,  at  an  elevation  of  850  to  780  ( 1000-150  and 
100-220)  feet  above  sea  level.  A well  at  900  feet  elevation  should  penetrate  this 
sandstone  at  a depth  between  50  and  120  feet  (900-850  and  900-780)  below 
land  surface. 

The  contact  between  the  Conemaugh  and  Allegheny  Groups  is  at  the  outcrop 
of  the  Upper  Freeport  coal.  To  use  this  horizon  as  a basis  for  calculating  depths 
to  aquifers,  it  is  necessary  to  use  topographic  maps  or  some  other  source  to 
detemiine  the  vertical  distance  between  the  coal  and  the  well  site.  If,  for 
example,  the  well  site  is  150  feet  above  the  coal,  it  may  be  assumed,  from  the 
data  of  Table  9,  that  the  Mahoning  Sandstone  lies  about  50  (150-100)  feet 
below  land  surface. 


DUNKARD  GROUP 
Washington  Formation 

The  Washington  formation  caps  some  hills  in  the  extreme  southern  part  of 
the  county.  However,  it  is  too  thin  to  serve  as  an  aquifer. 


MONONGAHELA  GROUP 

This  geologic  unit  is  generally  present  only  in  the  area  south  of  the  Ohio  and 
Allegheny  Rivers;  north  of  these  rivers  it  caps  some  hills.  Nearly  half  of  its 
thickness  is  composed  of  limestone,  and  the  remainder  consists  of  shale,  sand- 
stone, and  coal.  The  group  thickens  from  300  feet  in  the  western  part  of  the 
county  to  400  feet  in  the  southeast  corner. 

The  formations  that  comprise  the  Monongahela  Group  generally  are  not  good 
aquifers.  In  many  areas  they  fail  to  yield  enough  water  for  domestic  supplies. 
Low  yields  from  the  Monongahela  are  partly  the  result  of  coal  mining  de- 
watering the  rocks  and  partly  the  result  of  streams  cutting  through  many 
formations  of  the  group. 
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The  Uniontown  and  Benwood  Limestones 

The  Uniontown  and  Benwood  Limestones  are  the  most  widespread  water- 
bearing formations  of  the  Monongahela  Group,  but  their  yields  tend  to  be  erratic 
and,  in  some  places,  are  too  small  even  for  household  supplies.  These  limestones 
are  interstratified  with  calcareous  shales.  Circulating  water  probably  has  enlarged 
many  fractures  by  solution  and  created  other  solution  passages  along  bedding 
planes  in  the  associated  shaly  layers. 

In  southern  Allegheny  County  these  fomiations  have  been  cut  through  by  all 
of  the  major  streams  and  much  dewatering  of  the  aquifers  has  resulted.  Yields  of 
inventoried  wells  drilled  in  these  formations  are  less  than  1 gpm.  It  seems  likely 
that,  in  the  extreme  southern  part  of  the  county,  modest  household  supplies 
might  be  obtained  from  isolated  perched  water  zones  lying  above  the  Sewickley 
Sandstone. 

Water  in  the  formation  is  of  the  calcium  carbonate  type  and  is  moderately 
hard. 


Sewickley  Sandstone 

The  Sewickley  Sandstone  is  covered  throughout  most  of  the  area  and,  in  the 
absence  of  detailed  well  records,  its  extent  and  continuity  cannot  be  assessed. 
Only  four  wells  in  this  formation  are  listed  in  the  well  tables.  They  are  tapped 
for  drinking  and  v/ashing  purposes  and  the  yield  demands  on  them  probably  are 
minimal.  Wells  drilled  in  this  formation  on  the  flanks  of  synclines  and  below 
drainage  would  probably  yield  more  than  minimal  supplies. 

Water  from  a well  drilled  in  the  Sewickley  in  Fayette  County,  where  the 
formation  is  below  drainage,  is  of  a rather  highly  concentrated  sodium- 
bicarbonate  type  not  satisfactory  for  most  uses.  Where  the  formation  is  above 
the  level  of  the  major  streams  it  is  likely  that  the  contained  water  would  be  less 
mineralized,  but  yields  would  be  smaller. 

Fishpot  Limestone 

The  Fishpot  Limestone  and  its  associated  beds  of  sandy  shale  and  sandstone 
are  not  reliable  sources  for  water  supplies.  In  the  southeastern  part  of  the  county 
the  major  streams  have  cut  below  the  formation  and  dewatered  it  to  a large 
degree.  In  this  area,  however,  the  limestone  is  very  impermeable  and  capable  of 
supporting  local  perched  bodies  of  ground  water.  This  is  probably  what  has^ 
happened  in  the  vicinity  of  wells  Ag-38  and  Ag-39.  The  water  should  be 
moderately  hard  but  otherwise  of  good  quality. 

Pittsburgh  Sandstone 

The  Pittsburgh  Sandstone  typically  is  a coarse-grained,  highly  permeable 
formation.  In  many  areas,  however,  it  grades  laterally  into  flaggy  or  thin-bedded 
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sandstone  and  to  interbedded  sandy  shales  and  sandstone  lenses.  Throughout 
much  of  the  area,  where  the  Pittsburgh  coal  seam  has  been  extensively  mined, 
subsequent  collapse  of  the  mine  roof  has  completely  drained  the  overlying 
Pittsburgh  Sandstone. 

In  unmined  areas,  the  yields  to  wells  should  be  small  to  moderately  large, 
depending  on  lithology  and  on  the  position  of  the  aquifer  relative  to  the 
drainage.  Above  drainage,  modest  yields  should  be  obtained  on  the  tlanks  of 
synclines;  below  drainage,  the  formation  is  likely  to  be  saturated  and  the  yields 
moderately  large.  Well  Ag-133  is  probably  representative  of  the  better  wells 
drilled  in  the  Pittsburgh  Sandstone.  Though  listed  as  a multiple-aquifer  well,  one 
which  pumps  water  from  more  than  one  zone,  most  of  the  36  gpm  yield 
probably  is  derived  from  the  Pittsburgh  rather  than  the  underlying  Connellsvilie 
Sandstone. 

Water  from  wells  where  the  formation  is  above  drainage  is  softer  than  that 
from  the  limestone  formations  of  the  group.  Where  the  aquifer  is  less  than  100 
feet  below  drainage  the  water  is  likely  to  be  soft  and  to  foam  when  used  as 
boiler  feed.  At  greater  depths  the  water  is  increasingly  saline  and  unfit  for  most 
uses.  Locally,  the  water  may  have  a high  iron  content. 


CONEMAUGH  GROUP 

The  Conemaugh  Group  is  much  less  calcareous  and  carbonaceous  than  the 
overlying  Monongahela  Group.  Most  of  its  500-foot  thickness  is  made  up  of 
sandstone  and  shale,  with  lesser  amounts  of  limestone  and  coal.  The  group  crops 
out  primarily  in  that  area  of  the  county  north  of  the  Ohio  and  Allegheny  Rivers. 
Further  to  the  south  it  is  covered  by  the  formations  of  the  Monongahela  Group. 

The  best  water-producing  formations  of  this  group  are,  in  descending  order, 
the  Connellsvilie,  Morgantown,  Saltsburg,  Buffalo,  and  Mahoning  Sandstones. 
These  formations  are  rather  persistent  and  are  water-bearing  throughout  the 
county.  Yields  generally  range  from  1 or  2 to  as  much  as  100  gpm.  Much 
depends  on  local  permeability  of  the  aquifers  and  whether  or  not  they  lie  above 
the  drainage  level.  Below  drainage,  the  aquifers  are  likely  to  be  saturated;  above 
drainage,  the  saturation  and  resulting  yields  are  expected  to  be  reduced. 

The  shales  and  limestones  often  yield  supplies  large  enough  for  household 
use.  Such  yields  generally  come  from  bedding-plane  passages  and  from  joint 
planes,  especially  where  the  formations  lie  above  the  drainage  level  along  the 
flanks  of  folded  rocks. 

In  many  districts  of  the  county  where  the  Conemaugh  Group  lies  at  con- 
siderable depth  below  land  surface,  its  shales  and  the  shaly  facies  of  the 
sandstone  formations  yield  little  or  no  water  to  wells. 
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Where  the  Upper  Freeport  coal  has  been  extensively  mined,  the  lower 
formations  of  this  group  may  have  been  dewatered  as  the  result  of  subsequent 
collapse  of  the  mine  roofs. 

The  range  in  water  quality  is  very  great,  but  generally  the  water  is  satisfactory 
for  most  uses. 

Upper  Pittsburgh  Limestone  and  Lower  Pittsburgh  Limestone 

These  formations,  with  their  interbedded  shales,  occupy  the  upper  50  feet  of 
the  Conemaugh  Group.  The  beds  are  impermeable  except  where  bedding  plane 
passages  have  been  formed  by  solution.  Yields  are  variable  and  generally  quite 
low.  The  exception  is  the  yield  of  15  gpm  from  well  Ag-99,  which  intercepts  a 
fractured  section  of  these  formations  at  a point  immediately  above  an  im- 
permeable red  shale. 

The  water  generally  is  objectionably  hard  and  high  in  iron;  locally  it  is  also 
high  in  hydrogen  sulfide. 


Connellsville  Sandstone 

This  formation  is  a coarse-grained,  moderately  permeable  sandstone  ranging 
from  20  to  75  feet  in  thickness.  In  the  northern  part  of  the  county  it  has  either 
been  eroded  away  or  is  thin  or  too  high  in  elevation  to  be  an  aquifer.  To  the 
west  the  formation  becomes  shaly  and  relatively  impermeable  and  is  a poor 
water  source.  To  the  south  the  formation  is  near  or  below  drainage  level  and 
wells  yield  supplies  up  to  about  25  gpm. 

Water  from  the  Connellsville  ranges  from  moderately  to  highly  mineralized. 
The  type  of  mineralization  differs  with  the  position  of  the  aquifer  relative  to  the 
drainage  level.  Where  the  formation  is  at  or  above  drainage,  the  water  is  a hard, 
calcium-bicarbonate  type  and  is  high  in  iron.  Below  drainage  it  is  a softer 
calcium-bicarbonate  type  and  contains  less  iron. 

Little  Clarksburg  Coal  and  Clarksburg  Limestone 

These  formations,  together  with  associated  shales,  comprise  a thin  unit 
between  the  Connellsville  and  Morgantown  Sandstones.  Ground  water  circulates 
through  the  small  solution  passages  along  joints  and  bedding  planes.  Where  the 
limestone  is  above  drainage  it  generally  yields  1 gpm  or  less;  where  it  is  below 
drainage  it  is  saturated  and  yields  1 to  5 gpm. 

In  the  well  tables,  Ag-1 13  is  shown  as  producing  100  gpm  from  the  Clarks- 
burg. The  fracture  pattern  in  the  immediate  area  probably  allows  the  well  to 
draw  water  from  a nearby  dammed-up  stream.  In  eastern  Allegheny  Coupty,  the 
shales  accompanying  the  Clarksburg  Limestone  yield  from  3 to  5 gpm  to  wells. 

Water  from  the  limestone  and  associated  shale  is  of  the  hard,  calcium- 
magnesium  bicarbonate  type.  Where  the  aquifers  are  close  to  the  drainage  level, 
the  water  also  is  objectionably  high  in  iron. 
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Morgantown  Sandstone 

The  Morgantown  Sandstone  is  one  of  the  best  of  the  consolidated  rock 
aquifers  in  Allegheny  County.  Typically,  it  is  a compact,  fine-grained,  thick- 
bedded,  micaceous  sandstone  that  attains  its  maximum  thickness  of  about  120 
feet  in  the  northwestern  part  of  the  county.  Locally,  the  formation  is  massive, 
course-grained,  and  pebbly. 

Yields  average  over  30  gpm  and  some  are  as  high  as  120  gpm.  In  general,  the 
low  yields  listed  in  the  well  tables  are  based  on  the  needs  of  domestic  users 
rather  than  on  the  potential  yield  of  the  formation  or  well.  The  potential  yields 
depend  primarily  on  local  permeability  and  on  the  altitude  of  the  formation 
relative  to  the  drainage  system.  Above  drainage,  or  where  the  unit  is  very 
compact,  the  yields  are  lower  than  average;  below  drainage,  if  the  formation  is 
coarse-grained  and  permeable,  high  yields  are  to  be  expected. 

Where  the  formation  is  above  drainage  or  even  as  much  as  100  feet  below  it, 
the  water  is  moderately  mineralized  and  hard;  below  that,  the  water  is  a softer 
sodium-bicarbonate  type,  suitable  for  all  domestic  uses. 

Elk  Lick  Coal,  Binningham  Shale, 

Ames  Limestone  and  Pittsburgh  Red  Beds 

The  units  between  the  Morgantown  and  Saltsburg  Sandstones  are  not 
commonly  used  as  sources  of  ground  water,  though  they  are  reported  in  some 
instances  to  yield  enough  water  for  domestic  needs. 

The  sandy  parts  of  the  Birmingham  Shale  yield  household  supplies  in  the 
vicinity  of  its  outcrop  in  the  northern  and  western  parts  of  Allegheny  County. 
Yields  are  seldom  more  than  1 or  2 gallons  per  minute. 

Water  reported  in  the  well  tables  as  being  obtained  from  the  Elk  Lick  coal 
and  Ames  limestone  probably  occurs  along  bedding  planes  where  it  is  trapped  by 
underlying  impermeable  rocks.  The  shales  of  the  Pittsburgh  red  beds  yield  small 
water  supplies  where  the  unit  is  above  drainage  in  northern  and  western  Alle- 
gheny County.  Water  is  moderately  mineralized  and  ranges  from  very  soft  to 
hard. 


Saltsburg  Sandstone 

The  Saltsburg  Sandstone  is  fairly  widespread  in  Allegheny  County.  It  is  30  to 
80  feet  thick  and  typically  massive.  Within  short  distances,  however,  it  may 
grade  into  a thin-bedded  argillaceous  sandstone,  a sandy  shale,  or  less  frequently, 
into  a coarse-grained  or  pebbly  conglomerate.  The  formation  is  most  favorable 
for  wells  in  the  area  north  of  the  Ohio  and  Allegheny  Rivers  and  in  the  western 
part  of  the  county. 

The  best  well  yields  are  from  the  more  permeable,  coarse-grained  beds,  both 
above  and  below  drainage,  where  synclinal  and  anticlinal  structures  have  created 
favorable  conditions.  Local  fracturing  of  the  sandstone  may  add  to  the 
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permeability  of  this  unit.  Yields  of  wells  listed  in  the  tables  range  from  2 to  400 
gpm,  and  the  average  is  over  55  gpm.  Because  of  the  usual  lens-like  character  of 
the  coarse  phase  of  the  formation,  yields  are  erratic  and  adjacent  wells  may  have 
very  different  capacities. 

The  quality  of  water  from  the  Saltsburg  is  generally  satisfactory,  but  ex- 
ceptions do  exist.  The  water  is  moderately  mineralized  and  hard.  Unlike 
conditions  in  the  overlying  aquifers,  the  position  relative  to  drainage  level  does 
not  seem  to  modify  the  type  of  water  obtained  from  the  unit.  In  some  areas  the 
water  from  the  Saltsburg  is  objectionably  high  in  iron,  especially  when  with- 
drawn from  near  the  horizon  of  the  underlying  Bakerstown  coal,  which  this 
sandstone  sometimes  replaces.  Four  descriptions  in  the  well  tables  (wells  Ag-30, 
Ag-51,  Ag-82,  and  Ag-83)  indicate  the  presence  of  salty  or  brackish  water.  Such 
water  is  unfit  for  most  uses. 


Bakerstown  Coal  and  Associated  Rocks 

The  interval  between  the  Saltsburg  and  Buffalo  Sandstones  is  occupied  by  a 
group  of  red  and  gray  sandy  shales  that  enclose  one  or  two  coal  beds  (Bakers- 
town) and  two  discontinuous  limestones.  These  units  are  relatively  impermeable, 
and  they  act  as  barriers  to  the  downward  movement  of  water  through  minute 
bedding-plane  passages.  Along  the  flanks  of  structural  folds  they  are  persistent 
sources  of  small  supplies.  Well  yields  are  3 gpm  or  less. 

Water  quality  varies  according  to  the  contributing  geologic  horizon.  Water 
from  the  carbonaceous  sections  is  slightly  mineralized  and  low  in  hardness,  but 
rather  high  in  iron  content.  Water  from  the  limestone  and  shale  units  above 
drainage  is  mildly  hard;  below  drainage  it  is  partly  softened.  Iron  content  is  very 
low. 


Buffalo  Sandstone 

The  Buffalo  typically  is  a coarse-grained  or  conglomeratic  sandstone  ranging 
from  20  to  60  feet  in  thickness.  It  is  important  as  an  aquifer  only  in  the 
northern  part  of  Allegheny  County.  In  the  western  half  of  the  county  it  thins  to 
20  feet  and  grades  laterally  into  fine-grained  sandstone  or  sandy  shale. 

The  water  yielding  capacity  of  the  formation  ranges  widely.  The  best  yields 
are  obtained  where  the  coarse-grained  permeable  rocks  occur  below  drainage 
level.  Yields  in  excess  of  20  gpm  have  not  been  noted.  Many  of  the  multi-aquifer 
wells  in  the  tables  list  combined  yields  up  to  300  gpm  from  the  Buffalo  and 
Saltsburg  or  Buffalo  and  Mahoning  Sandstones. 

Water  pumped  from  the  Buffalo  Sandstone  is  moderately  mineralized  and 
quite  hard,  regardless  of  the  position  relative  to  the  drainage  level.  Iron  is 
generally  excessive,  and  salty  or  brackish  water  has  been  pumped  from  several 
wells  tapping  this  formation. 


HOW  AND  WHERE  GROUND  WATER  IS  FOUND 
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Brush  Creek  Coal  and  Associated  Rocks 

The  interval  between  the  Buffalo  and  Mahoning  sandstones  is  occupied  by  the 
Brush  Creek  coal  and  associated  limestone,  shale,  and  clay.  Most  of  the  water 
yielded  from  this  zone  circulates  through  minute  bedding-plane  passages.  The 
more  successful  wells  are  those  drilled  along  the  flanks  of  folds  or  in  areas  where 
perched-water  conditions  exist. 

Wells  tapping  the  more  permeable  parts  of  this  section  below  drainage  yield  as 
much  as  20  gpm;  above  drainage,  yields  are  generally  less  than  5 gpm. 

Wells  Ag-140  and  Ag-157,  with  yields  of  20  and  4 gpm  respectively,  probably 
represent  the  expected  spread  of  conditions.  Well  Ag-140  was  one  of  five 
municipal  wells  that  range  from  143  to  213  feet  in  depth.  Subsequent  mining  of 
the  Freeport  coal  caused  drainage  of  the  formation  locally  and  the  wells  were 
abandoned. 

Water  quality  ranges  from  hard,  above  drainage,  to  soft  where  the  formation 
lies  far  below  drainage.  Iron  content  is  objectionably  high  in  many  places, 
especially  in  areas  where  the  units  are  near  the  land  surface. 


Mahoning  Sandstone 

This  formation  forms  the  base  of  the  Conemaugh  Group.  It  consists  of  two 
sandstone  units  separated  by  shale,  coal,  limestone,  and  clay.  The  typical 
Mahoning  Sandstone  is  gray,  massive,  and  medium-  to  coarse-grained,  but  it  may 
grade  laterally  to  a conglomerate  or  shale.  Total  thickness  ranges  from  20  to  100 
feet. 

The  Mahoning  Sandstone  is  suitable  as  an  aquifer  in  Allegheny  County  only 
in  the  area  north  of  the  Allegheny  and  Ohio  Valleys  and  in  Penn  Township  to 
the  east.  To  the  south  and  west  the  formation  lies  at  great  depth  and  is  not 
generally  reached  by  water  wells. 

Yields  differ  according  to  permeability,  depth,  and  degree  of  jointing. 
Locally,  where  the  underlying  Upper  Freeport  coal  has  been  removed,  collapse 
and  subsidence  of  mine  roofs  has  caused  the  drainage  of  the  Mahoning.  Wells 
tapping  the  permeable  parts  of  the  formation  below  drainage  level  yield  good 
supplies,  as  in  the  instance  of  well  Ag-170,  which  originally  pumped  60  gpm. 
Multiple  aquifer  wells  in  the  Mahoning  and  the  Butler  Sandstones,  as  Ag-171  and 
Ag-181,  may  yield  100-200  gpm.  Along  the  axes  of  structural  folds  and  in  areas 
where  the  formation  is  not  deeply  buried,  water  occurs  in  joints.  At  such 
locations,  yields  of  only  a few  gallons  per  minute  are  to  be  expected,  as  those 
from  wells  Ag-56  and  Ag-169,  which  are  pumped  at  4 and  5 gpm,  respectively. 

Water  ranges  in  quality  from  slightly  to  moderately  mineralized.  Above 
drainage  the  water  is  usually  hard.  Below  drainage,  the  water  generally  is  softer 
and  less  mineralized.  The  water  commonly  is  objectionably  high  in  iron  and, 
when  the  formation  is  more  than  100  feet  below  drainage,  may  be  a highly 
concentrated  brine. 
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ALLEGHENY  GROUP 

This  group  of  rocks  is  composed  of  shales,  sandstones  of  variable  thickness 
and  lithology,  discontinuous  limestones,  and  some  coals  of  local  economic 
importance.  In  the  northeastern  part  of  the  county  the  group  is  penetrated  by 
some  wells;  to  the  south,  however,  the  formations  are  at  too  great  a depth  to 
serve  as  aquifers.  Water  from  the  group  is  moderately  to  highly  mineralized. 

Butler  Sandstone 

The  Butler  (Upper  Freeport)  Sandstone  is  exposed  only  in  the  northern  part 
of  Allegheny  County.  It  is  locally  massive  and  coarse-grained  or  conglomeratic, 
but  toward  the  south  it  becomes  thin-bedded  and  grades  into  sandy  shale  or 
shale.  Thickness  ranges  from  10  to  40  feet. 

The  most  permeable  portions  of  the  formation  are  lenticular  and  dis- 
continuous, so  that  well  yields  differ  greatly  from  place  to  place,  but  yields 
generally  are  only  a few  gallons  per  minute.  Well  Ag-171,  tapping  both  the 
Butler  and  Mahoning,  yields  200  gpm.  In  the  shaly  facies  of  the  Butler, 
especially  near  the  outcrop  area,  water  in  wells  comes  from  joints  and  bedding 
plane  passages.  Yields  are  on  the  order  of  2 gpm. 

Water  from  the  Butler  Sandstone  is  moderately  mineralized  and  hard,  and  it 
contains  a little  dissolved  iron. 


Freeport  Sandstone 

This  unit  generally  is  from  30  to  70  feet  thick,  but  it  attains  a maximum 
thickness  of  120  feet  in  the  western  part  of  the  county.  Its  lithology  varies 
widely,  from  a massive,  commonly  conglomeratic  bed,  through  thin-bedded, 
fine-grained  and  flaggy  sandstone  to  a laminated  sandy  shale. 

Where  the  formation  is  coarse,  permeable,  and  below  drainage,  as  in  well 
Ag46,  the  yields  are  as  great  as  75  gpm.  Where  it  is  fine-grained  and  above 
drainage,  the  formation  is  expected  to  yield  much  less  water  to  wells  but 
probably  enough  for  most  domestic  needs. 

Water  from  the  Freeport  is  only  moderately  mineralized  and  is  very  soft. 
Generally  it  is  nearly  free  of  dissolved  iron,  but  in  areas  where  the  overlying 
Freeport  coal  is  thick,  the  water  from  the  sandstone  has  an  objectionably  high 
iron  content. 


Worthington  Sandstone 

The  Worthington  is  a lenticular  sandstone  of  variable  texture  that  commonly 
grades  laterally  and  abruptly  into  shale.  The  upper  15  to  30  feet  of  the 
formation,  however,  generally  is  sandstone.  Yields  of  wells  tapping  this  unit 
differ  greatly,  but  they  usually  are  sufficient  for  all  domestic  needs.  As  the 
demands  on  the  aquifer  have  been  minimal,  the  potential  yields  are  not  known. 


HOW  MAN  HAS  CHANGED  THE  HYDROLOGIC  SYSTEM 
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Wells  Ag-173  and  Ag-174  supply  enough  water  for  modest  industrial  needs. 

Water  from  the  formation  is  moderately  mineralized,  relatively  high  in 
calcium-magnesium  bicarbonate  hardness,  and  very  high  in  iron  content.  Where 
the  unit  lies  below  drainage,  the  water  is  a highly  concentrated  brine. 

Within  Allegheny  County  the  formations  below  the  Worthington  are  not 
likely  to  be  suitable  as  freshwater  aquifers.  Where  penetrated  by  oil  and  gas 
wells,  the  formations  usually  are  either  of  low  permeability  or  contain  water 
high  in  salt  content. 


HOW  MAN  HAS  CHANGED  THE  HYDROLOGIC  SYSTEM 

PRESENT  STATUS  OF  DEVELOPMENT 

Population  and  industrial  growth  of  the  county  have  greatly  altered  water 
demands  and  the  means  of  satisfying  those  demands.  In  the  early  days  of  the 
county  people  had  their  own  wells  or  obtained  their  water  supplies  from  nearby 
springs  or  streams.  By  the  late  I960’s,  98  percent  of  the  county  population 
received  their  water  from  public  water  supply  facilities.  Inventories  taken  over 
the  4-year  period  from  1963-1967  showed  public  suppliers  pumping  an  average 
total  of  about  200  mgd  (million  gallons  per  day),  compared  with  189  mgd  in 
1951.  Of  these  totals,  26  mgd  were  from  ground-water  sources  in  the  1960’s, 
compared  with  15.5  mgd  in  1951. 

No  recent  inventory  of  commercial  and  industrial  supplies  has  been  made,  but 
there  has  probably  been  a decrease  in  the  amount  of  ground  water  used  for  most 
purposes.  An  exception  is  the  amounts  used  for  air  conditioning.  The  overall 
decline  is  due  to  improved  plant  design  and  to  use  of  more  efficient  manufac- 
turing techniques.  The  water  is  used  primarily  for  cooling  and  processing,  and 
about  one-fourth  of  it  is  reused.  Water  requirements  of  some  companies  have 
been  reduced  to  the  point  where  it  is  more  economical  to  purchase  water  from 
public  suppliers  than  to  maintain  private  wells. 


DEVELOPMENT  OF  ADDITIONAL  SUPPLIES 

The  bulk  of  industry  and  population  is  concentrated  in  the  main  river  valleys 
in  the  vicinity  of  Pittsburgh.  Pumpage  is  heavy,  and  development  of  additional 
ground-water  supplies  in  parts  of  this  area  will  be  difficult  and  will  require 
careful  selection  of  well  sites.  Areas  downstream  along  the  Ohio  River  valley  and 
upstream  in  the  Allegheny  River  valley  appear  to  be  best  suited  for  further 
ground-water  development,  as  they  are  less  congested  and  contain  high-yielding 
sand  and  gravel  deposits.  Some  alluvium  in  the  valleys  of  the  Monongahela  River 
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and  the  larger  tributary  streams  also  has  excellent  potential  for  public  supplies  or 
for  industries  requiring  much  water.  Well  yields  along  these  streams  generally 
will  not  equal  those  along  the  Ohio  and  Allegheny  Rivers,  but  exploration  for 
permeable  lenses  and  the  careful  spacing  of  wells  should  lead  to  development  of 
supplies  sufficient  for  many  industrial  needs.  Yields  of  wells  Ag-625  and  629  in 
the  Monongahela  River,  and  Ag-635  and  640  in  the  Turtle  Creek  and  Chartier 
Creek  Valleys,  respectively,  indicate  that  yields  of  200  gpm  are  possible  for 
tributary  alluvium. 

Bedrock  aquifers  are  also  available  for  use  in  developing  municipal  or  indus- 
trial water  supplies.  Consistent  yields  in  excess  of  100  gpm  should  not  be 
expected,  however,  and  most  wells  probably  will  yield  less.  Also,  the  location 
and  optimum  depth  generally  are  far  more  critical  for  bedrock  wells  than  for 
wells  in  alluvium.  Wells  in  consolidated  aquifers  are  used  principally  by 
consumers  who  require  small  amounts  of  water  and  have  no  service  available 
from  public  supply  systems. 


WATER  PROBLEMS  RESULTING 
FROM  THE  ACTIVITIES  OF  MAN 

COAL  MINING  OPERATIONS 
Contamination  of  Water 

The  waste  material  left  behind  during  the  removal  of  coal  is  rich  in  sulfur- 
bearing minerals.  Exposure  of  these  minerals  to  air  and  water  produces  sulfuric 
acid  which  may  be  temporarily  pooled  in  the  mine  area  or  may  move  directly 
into  streams  of  the  area.  Wells  which  are  near  such  areas  and  are  open  at  or 
below  the  horizon  of  these  pools  will  tap  water  polluted  by  sulfuric  acid. 

The  greatest  problem  in  Allegheny  County,  however,  concerns  pollution  of 
the  surface  water  system  by  mine  drainage.  Streams  draining  coal  mining  areas 
are  polluted  to  varying  degrees.  The  Monongahela  River,  carrying  mine  drainage 
from  West  Virginia  and  Maryland  as  well  as  from  Allegheny  and  other  south- 
western Pennsylvania  counties,  presents  the  most  serious  pollution  problem.  The 
Allegheny  River  and  its  tributaries,  the  Clarion  and  Kiskiminetas  Rivers,  also 
bring  mine  pollutants  into  the  county,  but  the  water  is  somewhat  neutralized  by 
the  time  it  joins  the  Monongahela  to  form  the  Ohio  River. 

The  many  reservoirs  constructed  on  watersheds  of  streams  entering  the  area 
benefit  Allegheny  County  in  two  important  ways.  They  diminish  potential  flood 
hazards  by  retaining  much  of  the  excess  water  during  periods  of  high  surface 
runoff.  They  also  reduce  the  degree  of  pollution  by  releasing  water  during 
periods  of  low  river  stage,  thus  diluting  the  otherwise  highly  mineralized  streams. 


WATER  PROBLEMS  RESULTING  FROM  THE  ACTIVITIES  OF  MAN 


63 


Dewatering  of  Aquifers 

Collapse  of  unsupported  roof  material  in  worked-out  coal  mines  has  caused 
fracturing  and  dewatering  of  overlying  aquifers  in  some  parts  of  the  county.  In 
the  southern  part  of  the  county,  the  Pittsburgh  Sandstone  overlying  the  Pitts- 
burgh coal  has  been  extensively  dewatered  wherever  that  coal  has  been  mined.  In 
the  northeastern  part  of  the  county,  similar  drainage  of  the  Mahoning  Sandstone 
occurs  above  mines  in  the  Upper  Freeport  coal. 


OIL  AND  GAS  WELLS 

Oil  and  gas  production  in  the  county  today  is  of  relatively  minor  significance, 
but  it  once  was  a very  important  industry  and  was  a contributing  factor  in  the 
growth  of  the  area.  During  the  search  for  oil  and  gas,  thousands  of  wells  were 
drilled.  Many  of  the  well  casings  have  been  removed  or  severely  corroded.  The 
result  is  that  salt  water  under  artesian  pressure  has,  in  many  areas,  moved  up  the 
boreholes  and  out  into  the  shallower  freshwater  aquifers. 


INDUCED  INEIETRATION  AND  DEPRESSED 
WATER  LEVEES  DUE  TO  HEAVY  PUMPING 

In  the  cities  and  industrial  areas,  recharge  of  alluvial  aquifers  by  precipitation 
has  been  greatly  reduced.  Buildings,  streets,  sidewalks,  and  parking  lots  all  serve 
as  impermeable  barriers,  diverting  most  such  water  to  storm  sewers.  In  such 
areas,  wells  near  the  rivers  pump  river  water  by  induced  infiltration.  Because  of 
conditions  similar  to  those  existing  between  wells  in  line  A-B  of  Eigure  10,  wells 
far  inside  the  lines  of  those  along  the  riverfront  cannot  successfully  compete 
with  wells  near  the  river  for  river  water. 

The  two  most  heavily  pumped  areas  of  the  county  are  Neville  Island  and  the 
Triangle  section  of  Pittsburgh.  Pumping  in  these  areas  has  been  increased  until 
perennial  cones  of  depression  have  been  established,  and  both  induced  recharge 
and  total  pumpage  have  approached  practical  maximum  amounts. 

In  the  Triangle  area,  induced  infiltration  has  been  hampered  by  the  installa- 
tion of  sheet  piling,  which  extends  downward  about  33  feet  below  normal  pool 
level  and  laterally  for  3750  feet.  Now,  only  the  lower  15  feet  of  aquifer  is  open 
to  the  river  for  the  transmission  of  recharge  water.  During  peak  withdrawal 
periods  in  the  summer,  the  water  levels  are  drawn  down  to  within  a few  feet  of 
bedrock  in  many  places.  More  than  half  of  the  summer  water  use  is  for  air 
conditioning. 

It  is  possible  to  alleviate  the  problem  of  low  water  levels  by  returning  the 
water  used  tor  air  conditioning  to  the  aquifer.  Recharge  wells  could  be  used  to 
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inject  the  chemically  unimpaired  water.  The  temperature  of  the  ground  water 
would  rise  slightly,  but  more  water  would  be  available  to  wells  away  from  the 
periphery  of  the  area. 

Neville  Island,  in  the  Ohio  River  downstream  from  the  Triangle  area,  also  is 
subject  to  very  heavy  ground-water  pumpage  for  industrial  and  municipal 
supplies.  About  IV2  square  miles  in  area,  the  island  has  a total  pumpage  in  excess 
of  13  million  gallons  per  day.  Such  sustained  yields  would  be  impossible  without 
induced  infiltration. 


THERMAL  POLLUTION 

The  raising  of  ground-water  temperature  by  induced  infiltration  or  other 
artificial  methods  makes  water  less  desirable  for  cooling  and  is  considered  a form 
of  pollution.  Recharge  water  drawn  into  the  aquifer  by  induced  infiltration 
varies  in  temperature  according  to  the  river  temperature  and  the  relative 
amounts  of  surface  and  ground  water  produced  by  wells.  Wells  in  the  vicinity  of 
industries  using  heat  in  their  processing  may  yield  water  of  undesirably  high 
temperature.  In  Allegheny  County,  ground-water  temperatures  from  80°  to 
100°F  have  been  recorded. 


CONSTRUCTION  AND  DEVELOPMENT  OF  V/ELLS 

DRILLING  METHODS 

Dug  wells  were  quite  common  around  the  turn  of  the  century,  but  they  are 
now  a rarity.  Most  wells  currently  in  use  in  Allegheny  County  are  drilled  by 
percussion  or  rotary  methods.  In  the  percussion  or  cable  tool  method,  wells  are 
drilled  by  the  alternate  lifting  and  dropping  of  a heavy  drilling  bit  in  the 
borehole.  The  bit  action  breaks  up  consolidated  rock  material  or  loosens  un- 
consolidated material  so  that  the  smaller  fragments  may  be  removed  with  a 
bailing  device.  The  rotary  method  uses  a rotating  bit  to  cut  rock  or  to  loosen 
alluvial  material;  rock  material  is  carried  from  the  borehole  to  the  surface  by 
circulating  water,  drilling  mud  or  air. 


WELL  CONSTRUCTION 


Wells  generally  are  cased  with  pipe  to  prevent  collapse  of  the  borehole.  In 
consolidated  material  the  casing  may  line  the  hole  to  very  near  its  bottom,  or  it 
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may  be  driven  only  a few  feet  into  the  rock.  In  unconsolidated  materials,  casing 
must  be  used  to  prevent  collapse  of  the  hole  and  it  is  common  practice  to 
replace  the  casing  with  screen  opposite  water-bearing  material.  An  alternative  to 
a screen  is  to  cut  slots  or  drill  holes  in  the  casing.  The  purpose  of  the  screen  or 
slotted  casing  is  to  allow  entry  of  water  into  the  well  while  excluding  the  rock 
material. 

A specialized  type  of  well  found  in  the  alluvium  of  the  county  is  the  radial 
collector.  These  wells  are  of  large  diameter  (13  feet  in  the  instance  of  well 
Ag-559)  and  are  characterized  by  screened  horizontal  pipes  driven  outward 
several  feet  into  the  alluvium  around  the  circumference  of  the  hole,  near  the 
bottom.  Initial  yields  of  nearly  10,000  gpm  have  been  reported  from  such  wells 
in  alluvium  of  the  Ohio  River  in  Kentucky;  but  pumpage  in  Ag-559  is  reported 
as  100  gpm,  an  amount  less  than  is  obtained  from  many  drilled  wells  in  the 
county.  Gravel  packing  is  a further  refinement  available  for  use  in  construction 
of  wells  in  alluvium.  In  this  technique,  clean,  coarse  gravel  is  used  to  fill  the 
annular  space  between  the  well  screen  and  the  outside  of  the  borehole.  The 
purpose  of  a gravel  pack  is  to  increase  the  effective  screen  diameter,  reduce  the 
entrance  velocity  of  water  entering  the  well,  and  lessen  the  likelihood  that  fine 
sand  will  clog  the  well  screen. 

In  the  interest  of  sanitation  it  is  necessary  to  fill  the  upper  part  of  the  annular 
space  between  the  casing  and  the  earth  with  grouting  material,  such  as  concrete. 
The  grout  should  extend  down  far  enough  to  prevent  the  entry  of  surface 
pollutants  to  the  zone  of  water  withdrawal. 


WELL  DEVELOPMENT 

The  method  commonly  used  to  increase  well  yields  consists  of  heavy  pump- 
ing of  the  borehole  for  a short  period  of  time  to  remove  drill  cuttings  and  fine 
material.  Other  less  common  techniques  used  to  increase  yields  are  mechanical 
surging  and  the  addition  of  detergents. 

Mechanical  surging  is  similar  to  operating  a piston  in  a cylinder,  with  the 
casing  or  well  bore  acting  as  the  cylinder  and  the  surge  block  as  the  piston. 
Alternately  raising  and  lowering  the  block  in  the  well  forces  water  in  and  out  of 
openings  in  the  aquifer.  Loose  rock  chips  or  fine  sand  grains  are  loosened  and 
drawn  into  the  well  bore  from  which  they  may  be  pumped  after  surging.  This 
method  is  most  successful  in  sandstones,  conglomerates,  and  unconsolidated 
aquifers. 

Detergents  can  be  used  in  wells  where  clay  and  silty  materials  are  plugging 
small  fractures  and  other  openings  in  the  aquifer.  The  detergent  helps  to  break 
up  these  plugs  into  small  particles  so  that  they  may  be  pumped  out,  leaving  the 
aquifer  openings  clear  to  transmit  more  water  to  the  borehole. 
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PROTECTION  FROM  OVERDRAFT 

Overdraft  of  water  supplies  exists  when  the  water  levels  in  wells  drop  below 
the  pumps  and  production  ceases  or  becomes  inadequate.  Possible  remedies  are 
reduction  of  pumpage,  addition  of  recharge  sources,  proper  spacing  and  orienta- 
tion of  wells,  and  lowering  of  pump  intake  settings. 

Despite  the  heavy  ground-water  pumpage  in  Allegheny  County,  there  are 
relatively  few  instances  of  overdraft.  The  use  of  induced  infiltration  has  allowed 
high  yields  and  relatively  close  spacing  of  wells;  this  practice  is  satisfactory 
where  the  water  produced  is  chemically  and  thermally  suited  for  the  intended 
use.  Overdraft  occurs  most  commonly  in  areas  distant  from  the  streams.  Induced 
infiltration  is  not  possible  in  these  areas  and  too  close  spacing  of  wells  may  lead 
to  overdraft. 

That  part  of  the  aquifer  farthest  from  the  rivers  in  the  Triangle  area  has  been 
subjected  to  overdraft.  Commercial  and  industrial  competition  for  water  in  that 
area  is  very  keen,  and  the  saturated  thickness  of  alluvium  has  been  greatly 
reduced.  The  conditions  have  been  alleviated  by  increased  use  of  public  supplies, 
improved  air  conditioning  equipment,  and  recycling  of  cooling  water.  Recharge 
wells  could  be  used  to  replenish  the  aquifer  in  this  area. 

Incrustation 

The  use  column  of  Table  4 indicates  that  many  wells  have  been  abandoned  or 
destroyed.  Many  of  these  wells  were  abandoned  because  of  decreased  well 
capacities  resulting  from  incrustation;  that  is,  the  clogging  of  the  well  screen  and 
the  aquifer  near  the  well  bore  by  the  precipitation  of  minerals  carried  in  the 
water.  The  most  common  forms  of  incrustation  are  carbonates  and  iron. 

Most  well  screen  incrustation  is  composed  of  calcium  and  magnesium  car- 
bonates. The  capacity  of  water  to  carry  carbonates  in  solution  is  proportional  to 
the  amount  of  carbon  dioxide  in  the  water;  in  turn,  the  potential  amount  of 
carbon  dioxide  is  proportional  to  the  water  pressure.  When  water  levels  are 
depressed  by  pumping,  the  hydrostatic  pressure  in  and  near  the  well  is  reduced, 
thus  decreasing  the  capacity  of  the  water  to  carry  carbon  dioxide.  The  ability  of 
the  water  to  carry  the  full  load  of  carbonates  is  then  reduced  and  the  minerals, 
mostly  calcium  carbonate,  are  precipitated  in  the  area  of  the  screen. 

Nothing  completely  halts  the  incrustation  process,  but  it  can  be  retarded  by 
use  of  screens  whose  openings  are  large  enough  to  permit  entrance  of  water  into 
the  well  while  offering  the  least  resistance.  Also,  reduction  of  the  pumping  rate 
will  decrease  drawdown  and  reduce  the  amount  of  pressure  change  of  the  water. 
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Reduction  of  the  pumping  rate  of  individual  wells,  however,  makes  it  necessary 
to  use  a greater  number  of  wells  to  obtain  the  same  yield. 

The  common  method  of  restoring  yielding  capability  to  incrusted  wells  in  the 
introduction  of  acid  to  dissolve  the  incrusting  material;  this  is  followed  by 
redevelopment  of  the  well.  Blasting  in  incrusted  bedrock  wells  also  has  been  used 
successfully.  The  well  is  then  bailed  and  surged  to  remove  the  incrusting 
material,  rock  fragments  and  fine  particles. 


PROTECTION  FROM  POLLUTION 

Water  moves  rather  freely  between  the  surface  and  subsurface  environments; 
therefore,  that  which  affects  the  quality  of  surface  water  may  also  affect  the 
quality  of  ground  water.  The  reverse  is  also  true.  This  interrelation  is  most 
apparent  in  heavily  industrialized  areas  near  the  rivers,  where  much  river  water  is 
induced  into  wells  by  infiltration.  River  water  contamination,  highest  during  the 
time  of  greatest  ground-water  pumpage,  can  adversely  affect  the  quality  of  water 
yielded  by  these  wells. 

Many  improvements  have  been  made  in  the  handling  of  wastes  to  protect  the 
quality  of  water.  Prior  to  the  creation  in  1948  of  an  eight-state  organization,  the 
Ohio  River  Valley  Water  Sanitation  Commission  (ORSANCO),  river  water  in  the 
county  was  polluted  by  large  quantities  of  raw  sewage  and  industrial  wastes.  Less 
than  one-half  percent  of  the  population  of  the  Ohio  River  Valley  lived  in 
communities  where  sewage  treatment  plants  were  in  operation.  By  1963,  98.5 
percent  of  the  valley’s  population  lived  where  sewage  was  treated,  and  86.5 
percent  of  the  industries  that  discharged  waste  into  the  rivers  met  the  minimum 
ORSANCO  requirements.  The  water  of  the  Ohio  River  and  its  tributaries  is 
reused  many  times  before  is  discharges  into  the  Mississippi.  With  the  increase  in 
the  number  of  ground-water  users,  greater  quantities  of  river  water  will  be 
pumped  by  induced  infiltration,  and  it  may  become  necessary  to  develop  new 
and  more  effective  water-treatment  methods  and  legislate  more  stringent 
pollution  controls. 

Government  agencies  are  becoming  increasingly  active  in  the  field  of  pollu- 
tion prevention.  The  Pennsylvania  Department  of  Health  has  set  standards  for 
length  and  cementing  of  casing  in  wells,  and  the  Pennsylvania  Department  of 
Mines  and  Mineral  Industries  has  established  regulations  concerning  the  reclama- 
tion of  strip  mines  to  reduce  the  formation  of  acid  water.  As  mentioned 
previously,  however,  the  discharge  from  abandoned  strip  and  deep  mines  is  still  a 
major  source  of  pollution.  Snowmelt  and  heavy  rains  throughout  the  year  Lush 
out  the  acid  water  accumulated  in  mines  and  carry  it  into  the  main  waterways. 
When  this  happens,  dilution  by  less  mineralized  water  reduces  the  degree  of 
contamination. 
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A large  part  of  the  ground  water  used  by  industry  is  for  cooling  purposes. 
After  use,  much  of  this  warmer  water  is  discharged  to  streams.  The  higher 
temperature  makes  the  water  less  suitable  for  similar  use  in  downstream  areas. 

Ground-water  supplies  may  be  contaminated  by  pollutants  carried  downward 
from  the  land  surface  by  infiltrating  water.  Because  ground-water  moves  slowly, 
such  pollution  is  slow  to  accumulate  and  just  as  slow  to  flush  out  after  the 
contaminating  source  is  removed.  Common  sources  of  pollution  are  septic 
systems,  nitrates  from  fertilizer,  and  household  detergents;  other  sources  are 
industrial  wastes,  accidental  oil  spills,  and  waste  materials  in  sanitary  landfills. 

In  the  future,  controlling  the  water  quality  probably  will  be  a greater  problem 
than  obtaining  sufficient  supplies.  Surface-water  quality  is  now  monitored  at 
many  points  in  the  area.  A similar  system  to  monitor  the  quality  of  ground- 
water  in  and  around  cities,  industrial  sites,  and  unpopulated  areas  would  be 
valuable. 


WHERE  TO  GET  INFORMATION  ABOUT  WATER 


The  Pennsylvania  Topographic  and  Geologic  Survey  has  information  on  the 
geology  of  Allegheny  County  and  has  published  reports  describing  the  aquifers 
and  the  chemical  quality  of  the  ground  water.  Well  drillers’  logs  and  reports  on 
new  wells  also  are  available. 

The  Private  Water  Supply  section.  Division  of  Sanitation,  Pennsylvania 
Department  of  Health,  can  supply  information  on  proper  well  construction 
requirements,  biological  reports  on  well  water,  and  the  chemical  quality  of 
ground  water  in  this  and  other  counties.  The  Pennsylvania  Department  of 
Health,  through  various  regional  offices,  can  test  water  samples  for  bacterial 
pollution;  they  also  can  advise  on  corrective  measures  to  be  taken  when 
pollution  is  reported. 

The  Water  Resources  section  of  the  Pennsylvania  Department  of  Forests  and 
Waters  has  information  on  stream  discharges,  flood  data,  reservoir  requirements, 
and  power-plant  discharges. 

The  Public  Utility  Commission,  Bureau  of  Rates  and  Research,  has  infor- 
mation on  some  municipal  water  supplies,  including  source,  average  daily  use, 
total  annual  use,  and  estimated  future  needs. 

The  Water  Resources  Division  of  the  U.S.  Geological  Survey  has  data  on 
wells,  springs,  and  streams,  and  on  the  chemical  quality  of  water. 

When  requesting  information  on  water  supplies,  an  accurate  location  of  the 
site  should  be  given.  This  will  help  the  above-listed  agencies  to  give  assistance 
and  advice. 

The  local  well  drillers  and  pump  installers  can  provide  prices  and  suggest  the 
type  of  equipment  needed  to  develop  a water  supply.  The  drillers  may  know  the 
well  depth  necessary  to  obtain  desired  yields  and  how  much  surface  casing  is 
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required.  They  can  also  suggest  the  proper  well  diameter  for  the  desired  pumping 
equipment.  Pump  installers  can  supply  information  concerning  the  size  of  the 
pump,  depth  of  the  pump  setting,  and  the  pressure-tank  capacity. 

If  chemical  analysis  of  the  well  water  indicates  treatment  is  necessary, 
commercial  water-treatment  companies  can  provide  the  necessary  information 
and  equipment.  Equipment  for  water  treatment  can  be  purchased  or  rented,  and 
it  will  be  serviced  by  the  supplier  if  desired. 


GLOSSARY 


Anticline:  An  arch  in  stratified  rock  in  which  the  layers  bend  downward  in 
opposite  directions  from  the  crest  and  in  which  the  oldest  rocks  are  in  the 
core;  reverse  of  syncline. 

Aquifer;  A formation,  group  of  formations,  or  a part  of  a formation  that 
contains  sufficient  saturated  material  to  yield  significant  quantities  of  water 
to  wells  and  springs. 

Artesian  water;  Ground  water  that,  occurs  under  sufficient  hydrostatic  head  to 
rise  above  the  level  at  which  it  was  encountered  in  a well. 

Cubic  feet  per  second:  The  rate  of  discharge  equivalent  to  the  discharge  of  a 
stream  of  rectangular  cross  section,  1 foot  wide  and  1 foot  deep,  whose 
velocity  is  1 foot  per  second;  equivalent  to  448.8  gallons  per  minute. 

Cone  of  depression:  A funnel  shaped  depression,  on  a water  table  or  piezometric 
surface,  centered  at  a pumping  well  or  other  discharge  point. 

Drainage,  or  drainage  level:  In  this  report,  the  level  of  the  beds  of  the  principal 
streams. 

Drainage  system:  A stream  and  its  tributaries. 

Direct  runoff;  The  water  that  moves  over  the  land  surface  directly  to  streams 
immediately  after  rainfall  or  snowmelt. 

Discharge,  ground-water:  The  water  that  leaves  the  zone  of  saturation. 

Evapotranspiration:  Water  withdrawn  from  a land  area  by  direct  evaporation 
from  water  surfaces  and  moist  soil  and  by  plant  transpiration. 

Fracture:  Breaks  in  rocks  due  to  applied  stresses. 

Ground-water  reservoir:  An  aquifer  or  a group  of  related  aquifers. 

Head,  static:  The  height  above  a standard  datum  of  the  surface  of  a column  of 
water  (or  other  liquid)  that  can  be  supported  by  the  static  pressure  at  a given 
point. 

Induced  infiltration:  The  process  through  which  the  cones  of  depression  are 
lowered  to  a point  where  they  intercept  the  water  of  a perennial  stream, 
reversing  the  normal  direction  of  the  ground-water  gradient;  also,  the  water 
drawn  into  the  aquifer  by  this  process. 
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Joint:  A fracture  which  has  opened  with  no  displacement  of  adjacent  walls  along 
the  fracture;  often  vertical  and  occurring  in  sets  crossing  each  other  at  high 
angles. 

Perched  ground  water:  Ground  water  separated  from  an  underlying  body  of 
ground  water  by  unsaturated  deposits. 

Permeability:  The  capacity  of  a material  to  transmit  a fluid. 

Plunge:  The  inclination  of  the  crest  of  structures  (as  anticlines  and  synclines) 
from  a horizontal  plane. 

Potentiometric  surface:  The  surface  to  which  the  water  from  a given  aquifer  will 
rise  under  its  full  head. 

Recharge,  ground-water:  The  process  by  which  water  is  added  to  the  zone  of 
saturation. 

Runoff:  That  part  of  precipitation  that  appears  in  surface  streams. 

Saturated  zone:  The  zone  in  which  interconnected  interstices  are  saturated  with 
water  under  pressure  equal  to  or  greater  than  atmospheric. 

Specific  capacity:  The  rate  of  discharge  of  a well,  in  gallons  per  minute,  divided 
by  the  drawdown  in  the  well,  in  feet. 

Stream-gaging  station:  A gaging  station  where  a record  of  discharge  of  a stream  is 
obtained.  Within  the  U.S.  Geological  Survey  this  term  is  used  only  for  those 
gaging  stations  where  a continuous  record  of  discharge  is  obtained. 

Surface  water:  Water  on  the  surface  of  the  earth. 

Syncline:  A trough  in  stratified  rock  in  which  the  layers  dip  toward  each  other 
from  either  side  and  in  which  the  youngest  rocks  are  in  the  core;  reverse  of 
anticline. 

Transpiration:  The  quantity  of  water  absorbed  and  transpired  and  used  directly 
in  the  building  of  plant  tissue,  in  a specified  time;  also  the  process  by  which 
water  vapor  escapes  from  the  living  plant,  principally  the  leaves,  and  enters 
the  atmosphere. 

Water  table:  That  surface  in  an  unconfined  water  body  at  which  pressure  is 
atmospheric. 

Water-table  conditions:  The  conditions  under  which  water  occurs  in  an  aquifer 
that  is  not  overlain  by  an  impermeable  body  and  that  has  a water  table. 
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